OPHTHALMOLOG 


SARBONIC ANHYDRASE AND THE MAINTENANCE OF INTRA- 
OCULAR TENSION HARRY GREEN, Ph.D., ET AL. 


2ARBONIC ANHYDRASE AND THE ELABORATION OF BICAR- 
BONATE ION IN THE RABBIT EYE 
HARRY GREEN, Ph.D., ET AL. 


JETERMINATION OF ACETAZOLEAMIDE IN AQUEOUS HUMOR 
m OF THE RABBIT EYE HARRY GREEN, Ph.D., ET AL. 


NEW METHOD FOR FRACTIONATION OF LENS PROTEINS 
J. FRANCOIS, M.D., ET AL. 


STUDIES ON EXPERIMENTAL GLAUCOMA 
ENRIQUE WUDKA, M.D., ET AL. 


STEREOPSIS AND VERTICAL DISPARITY 
KENNETH WN. OGLE, Ph.D. 


TREATMENT C2 RETINOBLASTOMA BY RADIATION AND 
TRIETHYLENEMELAMINE ALGERNON B. REESE, M.0., ET AL. 


OXYGEN WEANING IN RETROLENTAL FIBRO- 
PLAS ROBERT H. BEDROSSIAN, M.D., ET AL. 


RESERVATION OF CORNEA BY DEHYDRATION 
LIEUT. COL. JOEL N. MeNAIR, ET AL. 


SFFECT OF RETROLENTAL FIBROPLASIA IN CHILDREN 
ARLINGTON C. KRAUSE, M.D 


NTERMEDIATE SEX-LINKED RETINITIS PIGMENTOSA 
ROBERT L. WEINER, M.D., ET AL. 


TARE FORM OF HEREDITARY EPITHELIAL DYSTROPHY OF 
THE CORNEA FREDERICK W. STOCKER, M.D., ET AL. 


APRIL 1955 
VOLUME 53 NUMBER 4 


EFFECTS OF ILLUMINATION AND SLEEP UPON AMPLITUDE 
OF ELECTRO-OCULOGRAM EUGENE ASERINSKY, Ph.D. 


EXPERIMENTAL LEPTOSPIRAL UVEITIS IN RABBITS 
RUDOLF H. WITMER, M.D. 


BILATERAL HOMONYMOUS HEMIANOPSIA 
THOMAS P. KEARNS, M.D., ET AL. 


COMPLETE CONTENTS ON FIRST PAGE 
From Francois, p. 481 


AMERICAN MEDICAL ASSOCIATION Publication 


A.M.A, 
| 
Wat 


a sclentific corner 


FOR INFORMAL DISCUSSION OF YOUR OPTICAL PROBLEMS 
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TOLERANCE LIMITS 


We were recently asked to check a pair of glasses because the ophthalmologist 
thought the horizontal centers were not correct. The preseription wa 
Kb 
Lhe patient’s interpupillary measurements were 65 distance and 62 near. We asked 
the doctor if the patient was having any trouble and the answer was a positive yes ! 

\ check of the horizontal centers showed that instead of 65 mm. apart they were 
69 mm, apart. At first glance this difference would seem to be the culprit and the 
reason for the patient's discomfort. A second glance, however, showed that through 
the 180th meridian the power of each lens was only '% of a diopter and the error was 
only 2 in each eye, or a total of 4 overall—well within tolerance limits 


The lenses were checked again—this time for vertical centers and the cause of 
the trouble was found. The center of the right lens was 1 mm. above the geometric 
center, and the center of the left lens was 1 mm. below the geometric center, This 
resulted in a prism of 625 or almost two thirds of a prism diopter of vertical imbal 
ance, When the vertical centers were correctly placed the patient was comfortable 


We bring you this example because it is an established fact that some tolerance 
must be allowed im grinding small corrections. We have, with the help of some good 
ophthalmologists, prepared a table of tolerance limits which our shops adhere to 
meticulously, Below is our table of centering tolerances. Should you wish a complet 


tolerance table, write The House of Vision and you will receive one at once 


TOLERANCE—PER LENS IN MM 
Lens Power Vertical Meridian Horizontal Meridian 


or 25 mm 
or 7 

or 50 

or 75 

or 1.00 

or 

or 1.50 

3.00 
3.00 


“Uf it’s a lens problem, let's look at it together” 


THE HOUSE OF VISION—MAKERS OF PRESCRIPTION GLASSES FOR THE 
MEDICAL PROFESSION—WILL BE HAPPY TO FILL YOUR PRESCRIPTIONS. 
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the patient with infections 


Therapeutic amounts 
of B-complex, © and K vitamins 
should be administered 

during periods of physiologic 
stress, including infections 
susceptible to such potent 
antibiotics as Terramyein, 
Tetracyn®’t and penicillin. 
The National Research 
Council recommends this 
as a routine 
measure in the 
management of 
patients with 
severe infections. 
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Instructions to Contributors 


Communications regarding editorial management, subscriptions, reprints, ete., should 
be addressed to Specialty Journals, American Medical Association, 535 North Dearborn 
Street, Chicago 10. 

Articles, book reviews, and other materials for publication should be addressed to 
the Chief Editor of the Specialty Journal concerned. Articles are accepted for publica- 
tion on condition that they are contributed solely to that journal. 

An original typescript and the first carbon of an article should be provided; it must be 
double or triple spaced on one side of a standard size page, with at least a 11-inch 
margin at each edge. An article in English by a foreign author should be accompanied by 
a draft in the author's mother tongue. Improvised abbreviations should be avoided. 

The main tithe of an article may not contain more than ninety characters and spaces; 
a subtitle may be of any length. The subtitle should be sufliciently detached from the main 
tithe that a punctuation mark as strong as a colon can be used in the Table of Contents to 
separate it from the main title; it must not begin with “with.” 

The author’s name should be accompanied by the highest academic or medical degree 
which he holds. If academic connections are given for one author of an article, such con- 
nections must be given for all other authors of the article who have such connections. 

Typographic considerations necessitate that the first paragraph of an article contain 
not fewer han thirty words, A Case Report must be preceded by an introductory para- 
graph containing at least thirty words before the details of the case are given. 

Material quoted from another publication must be quoted exactly if the original is in 
English-—spelling, capitalization, punctuation, ete., unchanged. Material taken largely from 
another publication must be credited to the original author, whether quoted exactly or 
merely abstracted. If such material is quoted indirectly, the author must be careful to 
leave no complete sentence of the original unaltered. Use of uncredited quotations will 
be suflicient cause for rejection of an article. 

Each article should be accompanied by a summary in the present tense, presenting the 
main points of the article, but in somewhat more generalized terms than in the article 
itself, 

If it is necessary to publish a recognizable photograph of a person, the photograph 
must be accompanied by written permission of the subject himself if an adult, or of the 
parents or guardian if a child, to publish his photograph. An illustration which has been 
published in another publication must be accompanied by written permission from the 
author and the original publisher to reproduce it in an A. M. A. Specialty Journal. 

The maximum illustration allowance is ten illustrations within a total of 100 sq. inches 
or *100, whichever is of greater advantage to the author. When no restrictions are placed 


by the author upon cropping, reducing, and grouping, the publisher is often able to use 
twenty or more illustrations in one article with the 8100 allowance. Submit sharp prints of 


” ” ” ” 


the following sizes, 24%" wide “« 2%" or 314" high, 3%" wide x 2 high, and 5 
or 7° wide * 3%" high, to minimize reduction and/or cropping. Oversized originals 
should be photographed and a print submitted. Large photomicrograph prints will be 
reduced in seale nalees portions to be cropped are indicated by the author. 

Any cut-off marks should be made on the margins or mountings rather than on the 
illustration itself. Charts and drawings should be in black ink on hard, white paper. 
Lettering must be large enough to permit necessary reduction, Glossy prints of x-rays are 
requested. Paper clips should not be used on prints, since their mark shows in repro 
duction, as does writing on the back of prints with hard lead pencil or stiff pen. Labels 
should be prepared and pasted to the back of each illustration showing its number, the 
author's name, an abbreviated title of the article, and top plainly indicated. Charts and 
illustrations must have descriptive legends, grouped on a separate sheet. Tables must have 
captions, IT IS PREFERRED THAT ILLUSTRATIONS BE UNMOUNTED. 

References to the literature should be numbered in the order in which they are referred 
to in the text or listed in alphabetical order without numbers. A chronological arrange- 
ment, with all entries for a given year alphabetized according to the surname of the first 
author, may be used if preferred. References should be typed on a special page at end of 
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and must include, in the order given, name of author, title of article (with subtitle), name 
of periodical, with volume, page, month—day of month if weekly or biweekly—and year. 
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author, tithe of book, city of publication, name of publisher, and year of publication. Titles 
of foreign articles, if originally in a generally known Romance or Germanic tongue, must 
either all be in English translation or all be in the original language. Titles in other 
languages must be translated. The author must assume responsibility for the accuracy of 
foreign titles. 

Matter appearing in the A. M. A. Specialty Journals is covered by copyright, but as a 
rule no objection will be made to its reproduction in a reputable medical journal if proper 
credit is given, However, the reproduction for commercial purposes of articles appearing 
in the A, M, A, Specialty Journals, or in any other publications issued by the Association, 
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... the Cataract Bifocal...as good to look at...as it is good to look through 


BAUSCH & LOMB 


Fused Lenticular Panoptik 


Optical performance and cosmetic ap- 
pearance are mutual considerations to 
the practitioner who seeks to give satis- 
faction and peace-of-mind to the post- 
Operative cataract patient. From both 
standpoints, the Panoptik Lenticular 
Cataract bifocal provides a new standard 
of excellence. Lighter in weight, thinner 
in construction and with front curves 


resembling normal prescriptions, this 


design is greatly superior in appearance 
to earlier cataract lenses. Optically, it 


Majer Lens: Special Nekrome 
ha Crown glass. (Plus-power in the len- 
ticular edge, though much weaker, 
allows patient some 


Lenticular Field: Speciel 
high index barium glass. 


Bifocal Segment: Same 
index gloss as lenticular 


offers a wide reading field at normal 
reading level. Great flexibility is afforded 
in placement of optical centers, Flexi- 
bility, too, in base curves—bi-convex, 
plano base or — 3.00 base—can be pro- 
duced from the same blank. This facili- 
tates service from the laboratory—a 
single pair of blanks, in each of the 
called-for reading additions, constitutes 
a stock from which any aphakic pre- 
scription can be made. 

In Soft-Lite, too 


Cross-section comparison of Panoptik Fused Lenticu- 
ler Cataract and one-piece bifocal of same (~ 12.500) 
power. Note thickness—Panoptik Lenticular is mere 
than one-third thinner—and flatter front curve. 
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Here is the list so far of member-manufacturers 
who are wholeheartedly behind the BVI big-time 
public relations program. 

Support them ... they are behind you with their 
dollars to help you better serve patients, and 
establish a prosperous, secure future for the 
whole industry. Better Vision Institute, Inc. 630 
Fifth Avenue, New York 20, N. Y. 


American Optical Company 
Art Craft Optical Company 
Bausch and Lomb Optical Company 


The Bishop Company 
Continental Optical Company 
Frame Fashions, Inc. (formerly Optical Zyl Mfg.) 
Kono Manufacturing Company 
Liberty Optical Company 
Marine Optical Manufacturing Co. 
Modern Optics, Inc. 

Rare Earths, Inc. 

Shuron Optical Company 
Titmus Optical Company 
Universal Optical Company 
The Univis Lens Company 
Vision-Ease Corporation 
Zylite Products Co., Inc. 
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Pat. No. S30108 


Perspex lined lead shells in the form of a contact lens afford the 
eye complete protection when treating parts very close to the eye 
with X-rays or rays from radio-active substances. By drilling a 
small hole in the shell it is even possible to carry out localised 
treatment of a lesion on the sclerotic without exposing the cornea 
and other parts of the sclerotic to the harmful effects of the 
radiations. The set of lead shells illustrated comprises six sizes for 
both right and left eyes. Smaller cases and single shells are also 
available. Price, complete in case — $97.30. 


Chawla 


of England 63 WIGMORE STREET, LONDON, 
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TRANSACTIONS of the AMERICAN 
OPHTHALMOLOGICAL SOCIETY 


Ninetieth Annual Meeting, Glacier Park, Montana 
Volume LII 
1954. 


These twenty papers represent new findings and research 
in ophthalmology. Each paper presents in detail the ex- 
perimental and clinical evidence on its subject and is fol- 
lowed by a summary of the discussion that took place at 


the meeting. The volume also includes the minutes of the 


: ninetieth annual meeting and seven theses of the candi- 

4 dates accepted for associate membership in the American 

Ophthalmological Society. 978 pp., illus. $18.00 

: KDUCATION and HEALTH of the 
PARTIALLY SEEING CHILD 

4 Third Edition 


WINIFRED HATHAWAY 


“Every ophthalmologist should know something of the 


history of the special educational facilities for visually 


handicapped children. This book gives an excellent his- 


torical background, and defines the needs of the partially 

seeing child in respect to special educational facilities and 
4 the methods of providing these.” Archives of Ophthal- . 


mology. $3.75 


+ 


GL Order from your bookstore, or 


— COLUMBIA UNIVERSITY PRESS, New York 27 == 
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UNIVIS © UNIVIS UMIVIS 


design and performance 
manufacturing quality 


patient acceptance 


service 


nivis 


CORRECTED CURVE LENSES 


Superior design? Superior performance? Ask the 
imitators! But the Univis quality standards 
which contribute so much to patients’ satisfaction 
with your Rx can't be imitated, Quickly 

available from the nation’s top laboratories. 


JIIVIS LENS COMPANY © Dayton, Ohio New York, Chicago, UNIVIS 


Los Angeles, San Francisco 
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COMMAND PERFORMANCE FRAMES ©§ MASCULON ENSEMBLE* 
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Kono Presents A New Fashion 
Fitting First! 


You work with just six basic frame 
styles with the KONO BASIC PRO- 
GRAM. Now all your frames are 
compactly presented in one complete 
basic program...flattering eye shapes 
which can be mixed and matched The GARCY kie~one of 
with temples and trims to give you 5 kits contained in the 
myriad combinations from any basic 
Style. 

Intensive planning, based on Kono's 
long experience, is embodied in this 
comprehensive program to break up 
the costly, confusing log-jam of satu- 
rated stocks, orphan samples and 


distressed inventories. 


A completely new idea...compact, 


efficient—styled to save you time, 


room and effort. 


Contact your local supply house for further information 


the 


COMPANY 


KONO 
| 
p= 
69 24 FORTY NINTH AVENUE of 


JEWEL TEMPLE 


...a titmus original 


Will fit all frames, both metal and 


zyl, using five barrel butt end hinges. 


T-21 White Gold, T-22 Yellow Gold — 1/10 12K. G. F, 


Also available without jewels, 


T-23, White Gold, T-24 Yellow Gold — 1/10 12K. G. F. 


[itomus OPTICAL COMPANY, INC. 


Manufacturers of Ophthalmic Lenses, Frames, Sun Glasses ¢ Petersburg, Virginia 
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She urpose of fhe Guild 


@ The aim of the Guild of Prescription 
Opticians of America is to advance the 
science of ophthalmic optics through 
the development of a country-wide 
ethical optical dispensing service that 
comprehensively meets the needs of 
the Eye Physicians and their patients; 
and to educate the public to the fact 
that the Eye Physician-Guild Optician 
type of eye service truly renders the 
most desirable form of eye care. 


lhis statement of the Guild’s purpose 1s reprinted from the cover of the 
REFERENCE LIST OF GUILD OPTICIANS, a geographical index of 
all our members. If you would like a copy, ust drop a two-penny post card to 


Che Guild of Prescription 
Opticians of America, Inc. 


110 E. 23rd Street New York (10) N.Y. 
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THE BEST IS NONE TOO GOOD 


Bi - v9 When precious human vision is at stake no effort should be 
” o> spared to succor it. You know that and so do we. Your 
UALITY SE RVICE reputation is built on the impeccable integrity and proficiency 
: ; 3 of your professional services. Our reputation is built on 

skills and oo the precise and skillful interpretation of every prescription 
entrusted to us. Thirty-one years of successful operation 
have given us the know-how to guarantee you expert, meticu 
lous workmanship to assure your patients the very 
best of eye-wear to sustain their priceless vision. And you 
can bank on it without reservation that only the finest of 
materials—the known and trusted brands—are used, to the end 
that your reputation and your patients’ visual comfort and satis 


faction may never be in jeopardy 


DOW OPTICAL CO. 


W. DOW, Pres. 
Chicago, Ill. Bloomington, Ill. 


De you dispense glasses? 


We are one of the oldest, and most reputable wholesale opti- 


cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 
115 Fulton Street New York 38, N. Y. 
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THE NEW Rodenstock eve-RerRACTOMETER 


Excellent for the objective determination of refractions 
of the human eye, the Rodenstock eye-refractometer 
permits instantaneous readings of spherical and cy 
lindrical refractions including inclination of the axis 
Enables you to diagnose objectively problem cases like 
children, illiterates, cases of pin hole pupils, as size of 
pupil has no effect on efficiency. Eliminates time con 
suming basic diagnosis so tiring to the patient. Par 
ticularly helpful in difficult cases of strong astigmatism 
and sensitive or nervous patients. This instrument 
stimulates the patient’s confidence in the doctor as well 
as self-confidence of the patient. Range from plus 20.D 
to minus 20.D 


Til LISESCOP The 


Retinoscopy with erect of inverted image 


Determination of area and position of infectious proc 
esses within anterior portion of the eye and fundus 

Measurement of level differences 

Measurement of blood vessel widths 


Objective determination of refractive error, including 
astigmatism and its main meridians 


Determination of fixation point of retina in cases of 
monocular excentric fixation 


Eliminates accommodation of examiner due 


cal system 


to opt 


Fingertip control 


Adjustability 


Automatic 
is picked up or put down 


Well cooled handle 


patient's refractive error ranging to 


switch turns light on or off as instrument 


A455 
ANTON HEILMAN 
220 Main St 

Hempsteod, N.Y. 


Kindly send the following catalogues 


RODENSTOCK EYE-REFRACTOMETER 


RODENSTOCK VERTEX REFRACTION 
OMETER 


RODENSTOCK TEST 
TRIAL FRAMES 
RODENSTOCK OPHTHALMIC FRAMES 
KRAHN BINOCULAR OPHTHALMO 
SCOPE OFF 

KRAHN 
KRAHN 
Cc 


LENS SETS AND 


OPHTHALMOMETER- BE 
PRISM EXOPHTHALMOMETER 


KRAHN RAPID CHANGE 
MENT TABLE WEZ 
KRAHN SCOTOMETER D 


KRAHN UNIVERSAL REVOLVING OPH 
THALMIC UNIT 
KLEIN'S PHOROMETER 
ARWAR DIAGNOSTIC 
PERIMETER OF DR 
VISUSCOPE THE 
OPH THALMOSCOPE 
OPERATING LOUPES 
LISTER-MORTON 
PURVIS STREAK 
PROFESSOR AMSLER CHARTS (TO DE 
TECT METAMORPHOPSIA, RELATIVE 
SCOTOMA) 
DIPROSE HAND 
ILLUMINATOR 
REXOMETER 
EYE SURGICA 
OPTICAL PLIER 
DISPENSER 
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A necessity in every eye operating room and wherever eye injuries are treated. 


trademark 


all important solutions 
required for ocular surgery 


write now for details to OPHTHALMOS, INC. 
UNION CITY, N. J. 


GOVERNMENT SURPLUS & REGULAR STOCK 


YOU CAN NOW 


BRAND NEW 
. © Eye, Ear and Nose Instruments © Syringes 
FIRST * Catgut * Gauze Bandages * Needles 
© General Operating Instruments 
QUALITY * Orthopedic, Gynecology, Obstetrical Instruments 
Hoemostatic Forceps 


ALL STANDARD MAKES 


KNY SCHEERER PILLING ARISTA ico co. 


Vv. MUELLER HASLAM 
STORZ LAWTON SKLAR I ARISTA SURGICAL COMPANY 
| 67 LEXINGTON AVENUE © NEW YORK 10, N. Y. 
Gentlemen: 
Please send me your 60 page H3 catalog 
listing of over 10,000 surgical items. 
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The new multiple pattern method makes it possible for a technician to sereen 


the field in about 2 minutes for each eye. 


Flash presentation of abstract patterns act as stimuli in various parts of the 
visual field. Errors in describing the patterns delineate the type of field loss, 
and make subsequent charting of the tangent sereen field more accurate and 
simple. Clinical application of the method and comparative field studies with 


standard perimetric methods show the method to be remarkably accurate. 


Write for complete information about the new multiple pattern method of 
visual field examination designed by David ©. Harrington, M.D., and Mil- 


ton Flocks. M.D. 


OPTICAL ( COMPANY 
= 


366 POST STREET * SAN FRANCISCO, CALIFORNIA 


Do a visual field examination on 
every patient! 


for 9 out of 10- 
the prescription IS available 
Pod in 1-Garp plastic lenses 


> 
) Many examiners are surprised minus on plus up to -16.00 +-6.00, 

and pleasedtolearnthatmore — plus on plus up to +9.00 +6.00. Bi- 

than 90% of their prescription re- focals in a new range of spheres up to 
quirements can now be met with beau- +-10.00 and lenticular bifocals up to 
tiful, clear-vision ILGARD plastic a -+20.00 -6.00. A wide range of sin- 
lenses, often right out of stock for gle vision lenticulars in plus up to 
immediate delivery. + 20.00 -6.00 and minus up to -21.00 
I-GARD Rx service now includes: -+6.00. Prism and absorptive shades 
S.V. lenses in quarter diopter steps, available in all types. 


Send for Foci Charts, price list, samples and name of nearest 1-Gard distributor. 
Dept. F, MeLEOD opticat co., inc. 357 Westminster St., Providence 1, R. L. 


% 


Plastic Lenses 


: Specialists in ALL TYPES of Plastic and Glass 
‘ Artificial Human Eyes Exclusively 
: MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 
Plastic oy Glass Selections Sent on Memorandum upon Request 


Implants and Plast Conformers in Stock 


FRIED ann KOHLER, INC. 


2 665 FIFTH AVENUE NEW YORK, N. Y. 
2 near 53rd St. Tel. ELdorado 5-1970 


Feather-Light 
Non-Shatterable 
uw 
noun 
4 
ye 
4 


NEW VERTEX 


A small, sturdy, well-balanced instrument ideally suited for the ophthalmolo- 
gist’s office and optician’s shop. 
taries, or optical craftsmen. 


| 


Can be easily operated by nurses, secre- | 


* Convenient and exact readings at a glance. 
* Even small cylinders can be easily detected and accurately measured. 
* Target image as well as refraction scale seen in the same field of view. 
* Built-in illumination. Fully dustproof. 
Guaranteed uninterrupted repair service. 

MADE IN WEST GERMANY 


Write for detailed literature and specifications 


CARL ZEISS. 165 Fifth Avenue, New York 17. N.Y. 
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es | IN CYCLOPLEGIA... 


YCLOGYL’ 


HYDROCHLORIDE 
brand of cyclopentolate hydrochloride 


SAVES TIME 


... for you... with rapid onset of action 
.. . for your patients . . . with rapid recovery 


Cyclopentolate hydrochloride . . . produces a rapid [30 to 60 minutes}, intense cycloplegia and 
mydriasis of moderate duration . . . and is effective in highly pigmented irises and for persons of 
all ages ‘ New and Nonoficial Remedies, Philadelphia, J]. B. Lippincott Company 


Cyclogyl has shown outstanding qualities in 1035 cases.' 


(Incorporates work of 11 previous investigators) 


Dosage and Administration Dioprers of Residual Spontaneous Recover 


Compound 
(drops) Accommodation in hr 


Cyclogyl 0.5% 2 1.10 24t 


tropine or 

Homatropine 2.00 ‘8 

* Successive drops at hve minute iacervals Recovery tume reduced to six hours after one percent pilocarpine 

1. Gordon, D. M., and Ehrenberg, M. Am. J, Ophth. 48-831 (De 1954 


“the chief handicap of maximum cycloplegia, namely its incapacitating effect, 1s minimized 
Gettes, B. C.: A.M.A. Arch. Ophth. §1:467 (Apr.) 1954 


Cyclogyl, “by virtue of its brevity, rapidity of action, and consistent depth of cycloplegia, will be 


{a drug of choice} for routine refraction . . .” Ehrlich, L. H.: New York J. Med. $4:3015 (Dec. 15) 19 


Dosage Supplied 
Cycloplegia — One drop 1.0%, in each eye (or two drops of Sterile ophthalmic solution in Gifford’s Buffer (pH 6.0 
0. ) produces maximal cycloplegia in 40-60 minutes. Re 0.* Solution 15 cc Dropper Bortles 
wery time is normally 4-12 hours spontaneously. Pilocarpine 1.0 Solunon 5S cc Dropper Bortles 
reduces recovery ame. In deeply pigmented eyes, 2 drops of Dropper Bottles 
10 in each eye, instilled 10 minutes apart, achieves satisfac 
tory cycloplegia in 98 of cases 


Mydriasis One of two drops of 0.5 in cach eve <>. ’ Mhiofelin ae Since 1794 


Samples and Literacure on request Pharmaceutical and Research Laboratories 
New York 3, N. Y. 
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on ic Anhydrase 


HARRY GREEN, Ph.D 

CAROL A. BOCHER, MS. 

ARTHUR F. CALNAN, M.D. 

and 

IRVING H. LEOPOLD, M_D., Philadelphia 


With the Technical Assistance of Allen P. Rosenberg, B.S 


that the 
intravenous admunistration of acetazoleamide 


(Diamox ; 2-acetylamino-1,3,4-thiadiazole-5 


It had previously been reported 


sulfonamide) inhibited * the carbonic an 
hydrase activity of the ciliary body-iris tissue 
within 30 


gether with a knowledge of the fundamental! 


minutes observation, to 
role of the enzyme in other tissues and cells, 
suggested the possibility that carbonic anhy 
drase may be the controlling mediator in the 
secretion of bicarbonate tons into the aqueous 
humor, In such a system the inhibition of 


the carbonic anhydrase activity in the an 


terior uvea should be reflected in a lowering 
of the bicarbonate ion concentration inthe 
aqueous humor. Furthermore, according to 


Kinsey’s postulate,’ namely, that the bicar 


bonate ion plays a pivotal role in the forma 


tion of aqueous humor, there should also 
occur a drop in the intraocular pressure of 
the rabbit eve 

In order to test the possibility that the 


carbonic anhydrase activity of the ciliary 


body controlled the secretion of bicarbonate 
ions into the aqueous humor, and, therefore, 
regulated the intraocular pressure, a study 


From Wills Eye Hospital, Department of 
Research 
\ preliminary report has appeared (Green, H., 
in discussion on Becker.!") 
Public Health 
National Institute of 


Blindness under 


bre llow 


Diseases 


Service Research 
of the 
and 


Grant (Dr 


Neurologic 
a Graduate Medical Training 
Calnan) 
* The inhibition was complete, instead of 93% 


as previously reported 


of the relationship between the enzyme ac 
tivity and these two phenomena was made 

The results to be reported show that the 
intravenous and subeconjunctival myection of 
acetazoleamide completely inhibited the cat 


bonic anhydrase activity of the ciliary body 


and iris tissue. \t the same time the intra 


ocular tension of a normal rabbit eye was 


unatfected, Similar results were obtained 


with the use of p-carboxybenzenesulfona 


mide (Dirnate), another carbonic anhydrase 
inhibitor.” 


‘ 


In the next paper‘ are reported the re 
sults of the study of the relationship between 
the enzyme activity and the concentration of 


bicarbonate ions in the aqueous humor 


PERIMENTAI METHODS 


The sodium salt of acetazoleamide + was myected, 
30 to 100 mg. per kilogram of body weight, into the 
marginal ear vein of adult pigmented rabbits, 5 to 
indicated, the rabbits were supplied from the 
Wenonah, N. J 


ss otherwise 
Hark 


Subconjunetival 


6% Ib. (2.5 to 2.9 kg.) in weight 


tridge barms 


injections mto one eye were with 0.2 mil ot 


a solution containing to 20 me. of the drug and 


previously neutralized to pH && to 90 in order t 


minimize secondary local tissue effects resulting 


from excessive alkalinity. With p-carboxybenzene 


sulfonamide,t 100 mg. in 0.5 ml. was injected im 


travenously, and 10 mg. in 0.2 ml. was myected 


subconjunetivally. Higher local concentrations pro 


duced marked chemosis and edema 


was either 


Rubber 


Intraocular | enston Ihe test 


confined in a box lined with Foam 
mily its head protruding of restrained by holding 
while the 
controlled the 
held 


orbital rim 


its four paws with one hand other hand 


ot the firmly 
the head.§ The lids 


against the 


assistant position ot 


were open with gentle 


pressure Measurement 
+ Supplied by Dr. James D. Gallagher, Lederle 


Division, American Cyanamid Com 


N. ¥ 


t Dirnate, supplied by Dr. Gilbert Bayne 
West Point, Pa 


§ Technique recommended by Dr. F 


Laboratories 
pany, Pearl River, 
Sharp 
& Dohme Laboratories, 
Sallin 


tine 
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IRCHIVES OPHTH 
| Intraccular Tension Normal, Untreated Rabhits* 


Scale Keadings 
Average Slope 


& Min Mir Seale Unite/100 Min 


Average 


Total average 
Total S.b 


Value sre senile readings with Sehigtz tonometer, weight left eve: O D. right eve 


2.—Intraocular Tension After Intravenous Injection of Acetazoleamide 


30 Ma/Ky. Body Weight * 


Scale Readings 
Average Slope 


a Min & Min 120 Min Is) Min Seale Units/100 Min 


Average 


Total avers 
Potal S.D 


cule endings with Sehig@tz tonometer 
ry 3) minutes for a period of three intraocular pressure was 
phlebomanometer over 


veight ll readings were made to the 
Measurements mad 


Schigtz tonometer, using a 5.5 gem 


The eyes were anesthetized with 1 drop I he inimal in the latter experiments 


cale unt 


racaine (Pontocaime) hydrochloride. In esthetized with intraveno tobarbital 


ilter subeconjunctival injection, the butal) 


0 Min Min 
0.8 0D. 0.6 
6 ‘ 6 , 4 +09 O68 
6 7 6 7 7 7 7 
7 1.3 
3 , 4 4 ‘ 
‘ ‘4 3 3 ‘ 4 4 11 
‘ 4 4 5 3 3 07 19 
‘ 
4 4 > i 
6 6 7 ‘ 6 0.3 
6 ) 6 3 1] 
4 5 3 ‘ 9 1.5 
: 7 ‘4 ‘4 5 5 ‘ 10 4.2 
j of) 6 4 1b 0 
0.99 1,29 
1.14 
4 
4 
9 7 6 7 6 5 5 1.5 
a 6 6 6 7 6 6 00 
7 6 6 , 6 2.8 11 
is 6 6 6 6 7 7 ‘ 5 6 7 1 2.3 
6 6 7 6 ‘4 HY 10 
6 s 6 7 7 6 5 7 
* 6 7 7 7 7 7 7 
6 7 7 7 6 6 +O.5 0.0 
7 7 > 
‘4 7 
‘ 6 6 ‘ A 7 $1.9 $1.7 
‘ 6 10 7 6 +1.7 +3.0 
‘4 6 7 lo 1! 7 % 7 +25 
6 7 6 7 ‘ 7 O5 OR 
+99 
‘ 6 5 6 6 ‘ " +0.3 +24 
‘ 7 ) 7 7 7 lo +10 +4.3 
7 5 10 7 6 7 6 +18 +1.7 
“ 7 7 7 “ 6 7 5 0.3 -0.5 
+-0.22 +-0.39 
| 
alive ure lb, right eye 
vere made ey measured by mea ot a 
vith a 
period of tour our 
4 
ene Wudka 
Were all 
(Net 
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INTRAOCULAS TENSION 


ar lension After Intravenous Injection 


100 Mag/Kg. Body Weight * 


Scale Readings 
Average Slope 
Mir Seale Units / 100 Min 


\vernge 


Total average 
fotalS bb 


jes are seale readings with Schigtz tonometer, 6.5 em. weight. O OD, right eye 


lutraocular Tension After Subconjunctival Injection of Acetazoleamide, 10 Mg. im 


Seale Readings 
Average Slope 
Min Min Min Scale Units) loo Min 


op 


sD 
are seale readings with Schigtz tonometer, 6.5 em. weight. O.8., left (injected) right (eontrol 
Intraocular Tension of Rabbits After Intravenous Injection of 
p-Carboxrybenzenesulfonamide, 100 Mq.* 


Scale Readings 
Average Slope 
60 Min 120 Min Iso Min Seale Units/loo Mir 


Schigtz 


ANHY DRAS — 
os oop os os oop os oop on op 
‘ ‘ ‘ +13 
i ‘ 0 
‘ ‘ i 1 0 
4 7 i 
a4 oa 
ow 
Min 
os op os Oop op os ob 
4 4 > 
i ‘ ‘ 
4 +1 11 
‘ ‘ 4 4 +07 
4 +01 7 
6 4 HOG ‘10 
10) +0 
* Value 
eye 
Mir 
os op oO o.b os op os op os 
4 ‘ ‘ ‘ +15 
‘ ‘ ‘ ‘ 0 
t ‘ ‘ ‘ 
\verage 
\ 
Potal average 
Potal SD f 
*Valhies are senate eadings with tonometer wr weight. O 8 left eve oO rivht eye 
41445 


5 


| 


Carbome Anhydrase Actwity lreatment of the 
animal, the procedure for removing the ciliary 
body-iris tissue, and the method of assay of enzyme 
activity were essentially the same as previously 
described 


RESULTS 


Intraocular Tension.—The results, given 
in Tables 1 to 6, show the observed scale 
readings at the indicated time period. In 
order to assess the effect of the experimental 
treatment upon the intraocular tension over 
the experimental test period, rather than 
at each specified time, the observed scale 
readings were plotted and the straight line 
that best fits each set of points was graphi 


cally determined by the ingenious and simple 
method of Dr. Samuel Askovitz.{ Briefly 


Scale Readings» 


6 Min Min 


op 


* Values are seale 


ected) 


readings with Sehigtz tonometer 


the method starts with the plotting of an 
odd number of experimental observations 
obtained at equal intervals of time, Starting 
with the points on either side of the middle 
one, a line is drawn two-thirds the distance 
to the next point (away from the center); 
this line is then continued in the direction of 
the next point for the same horizontal dis 
tance, The terminal points of the two lines 
are connected by means of a straight line, 
the slope of which represents the mean rate 
of change of the data. It has been shown 
that this slope is identical to that obtained 
by fitting the data with the best possible 
straight line according to the criterion of 


{ Askovitz.©. Dr. Askovitz assisted in the statis 
tical evaluation of the data 
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Paute 6.—Intraocular Tension of Kabbuts After 


of p-Carboxrybensencsulfonamide * 


Min 


oop 
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least squares. \ positive value indicates 
an increase in scale reading, and a negative 
value, a decrease. The individual slopes for 
each eye of each animal are given in the last 
two columns in ‘Tables 1 to 6 and are stated 
in terms of change in number of tonometer 
scale units per 100 minutes. Besides the 
average and standard deviation of the values 
for each eye, there are also presented the 
average and standard deviation of all the 
eves In a given experiment (total average 
total o) 

In view of the fact that the error associated 
with reading the Schigtz tonometer is gen 
erally considered to be at least one (1) 


scale unit. the evaluation of the physi 


subconpunctival Injection of 10 Mag. (0.2 Ml 


\verave Slope 


120 Min Seale Units 100 Min 


op 


+).5 


oo 


Average 


0.39 


Total average 4.43 
TotalS b 


em. weight. OS, left eye; right eve (both eyes in 


logic importance of the experimental obser 
vations is considered relative to this error ot 
measurement In the usual methods of 
statistical comparison of data through mean 
values and standard deviations, it 1s assumed 
that the experimental measurements have 
been read with precision. Any inherent er 
ror in the recording of the data must there 
fore be considered together with the statist: 
cal evaluations 

It is clear from the data in Tables 1 to 6 
that intravenous and subconjunctival admin 
istration of acetazoleamide and of p-carboxy 
benzenesulfonamide did not appreciably at 
fect the intraocular tension of a normal 
rabbit. Similar results were obtained with 


the use of a phlebomanometer 


| 

: 

‘ 

if 

ray 

4 

4 

ip 
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IKBONI( INHYDRASE—INTRAOCULAK 


Carbonic Anhydrase Activity. The car 
bonic anhydrase activity of the ciliary body 
iris tissue was completely inhibited 30 and 60 


minutes after the intravenous administration 


of 30 mg. of acetazoleamide per kilogram ot 


body weight and as early as 15 minutes after 
the subeonjunctival administration of 10 mg 
of the same drug. Similar results were ob 
tained with the intravenous and subconjune 
tival administration of p-carboxybenzenesul 
fonamide. Since acetazoleamide is a potent 


1.4x10° M 


solution completely inhibited the enzyme in 


carbonic anhydrase inhibitor 
an extract of one ciliary body-iris tissue # 

it was of fundamental importance to estab 
lish whether the experimentally measured 
in vitro inhibition actually reflected the im 
vivo state of affairs or was due to the con 
tamination of the extract by adsorption of 
small amounts of the drug in surface contact 


with the tissue. * 


That a true in vivo inhibition of the 
enzyme activity occurred was shown by the 
following experiment: The ciliary body-iris 
untreated normal rabbit 


tissue of an Was 


removed and immersed in successive 
saline solutions that were used for the wash 
by-immersion of a tissue whose carbonic 
anhydrase activity was completely inhibited 
as a result of the intravenous or subconjun 
tival injection of acetazoleamide. After im 
mersion in fresh saline solution, the extract 
of the tissue was prepared and found to pos 
sess the original level of carbonic anhydrase 


activity previously found for normal tissue 

The possibility that the residual blood in 
the tissue contained sufficient acetazoleamide 
the 
sistent with the facts 


to inhibit resulting extract is) incon 
\t least ly of the drug 
is necessary to inhibit the enzyme activity 
completely in 1 ml. of the extract containing 
one tissue. Since the residual blood in the 
tissue amounts to O.0OO8 mi.,! a concentra 


tion of 1.25 mg/ml. of blood in the animal 


# Lederle 


enzyme 


investigators,” working with — the 


heef erythrocytes, reported 


of M as the 


obtained from 


a value minimum concentra 


tion of acetazoleamide inhibition 
* Measurable 


in the aqueous humor.’ 


for « omple te 


amounts of the drug were found 


TENSION 


would be necessary. Assuming 250 to 300 
mi. to represent the average blood volume ot 
a 5to 6 lb. (2.3 to 2.7 kg.) rabbit, 312.5 to 
375.0 mg. of the drug must be present im the 
Phe ab 


surdity of this is obvious, since as little as 


circulatory system of the animal 


10 mg. injected subconjunetivally, or less 
than 100 mg. per animal (30 mg/kg. body 
weight given intravenously) produced com 
plete inhibition of the enzyme activity 
Anhydrase 
the 
body 


Distribution of Carbon 


tivity in Anterior Uvea-—In view ot 


physiologic importance of the erhary 
the 


was desirable to establish whether acetazole 


as the seat of secretory mechanism, tt 


amide actually inhibited the carbonic anhy 


drase activity of the cilary body. For this 


purpose the ciliary body was separated from 


} 


7.—Distribution of Carbonic Anhydrase 


letivity in the Anterior Uvea* 


Ciliary 
Iris Body 
ul, COs 


1.38 


vila 16.7 


Experiment 
11.76 


Average 1.08 


from «a 


liberated 
experi 


* Values expressed as microliters OOs¢ 
NaHCO, solution in %) seconds at O52 ¢ 
ment is an average of three sample aliquots 

‘The activity of the eillary body-iris tissue 


While 
was 2) to wh (Green and associates 


the iris according to the technique of bried 
Moses,” the 


eve was enucleated as previously described 


enwald, Herrmann, and alter 

The separated tissues were homogenized 
in phosphate buffer, pl} 7.0, so that | mi. of 
resulting extract contained the equivalent of 
one tissue. The assay of the enzyme activity 
is given in Table 7 and shows that the sum 
of the individual activities equals that ot 
the whole and that 00% of the total activity 
is present in the ciliary body. The enzyme 
in each tissue was completely inhibited by 
the intravenous injection of 30 my. of aceta 
zoleamide per kilogram of body weight in 
30 minutes and after the subconjunetival in 
jection of 1O my. of the drug 

It Is that in those 


interesting to note 


cases in which one eye of the animal was 


used as a control for the subeconjunetival in 
anhy 


jection of the other eye, the carboni 
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drase activity of the ciliary body-iris tissue 
of the uninjected eye was inhibited approxi 
mately 50% in 30 minutes. 


COMMENT 


(On the basis of the observations of the 


beneficial effects of acetazoleamide in the 


lowering of intraocular pressure of glau 
comatous eyes, it was reasonable to assume 
that the drug exerted its therapeutic prop 
erties by inhibiting the carbonic anhydrase 
activity of the cillary body, thereby decreas 
ing the rate of elaboration and active trans 
bicarbonate into. the 


This 
present direct experimental evidence of the 


fer ol 1Ons aqueous 


humor investigation is the first to 


effect of local and systemic use of acetazole 
amide upon the carbonic anhydrase activity 
of the anterior uvea of the rabbit eye 
The results of these studies clearly indi 
cate that the local and systemic administra 
tion of the 


carbonic anhydrase inhibitors 


acetazoleamide and p-carboxybenzenesul 
fonamide completely inhibited the carbonic 
anhydrase activity of the ciliary body and 
iris of the rabbit eye. At the same time no 
significant lowering of the intraocular ten 
sion was observed, On the basis of these 
observations, it is reasonable to conclude that 


the maintenance of the intraocular tension of 


a normal rabbit eye is not dependent upon 


the carbonic anhydrase activity of the an 
terior uvea, 

While this investigation was in progress 
and shortly after its completion, it became 
apparent from the experience of other in- 
vestigators that general agreement was lack- 
ing concerning the effect of intravenously ad- 
ministered acetazoleamide on the intraocular 
pressure of a normal rabbit eye. Thus, Grant 
and Trotter,’ in preliminary experiments, ob 
served a definite lowering of the intraocular 
pressure when 10 to 100 mg. of the drug was 
administered per kilogram of body weight. 
Becker '* obtained a definite drop in about 
90% of the rabbits tested,t while Ballintine ¢ 
observed-a drop in only 50% of the rabbits 
tested. Hlarris,§ on the other hand, has not 
observed any definite effect of the drug on 
the intraocular pressure of the normal rab 
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bit eve. In these cases, however, the car 
bonic anhydrase activity of the anterior uvea 
was not reported. 

(On the other hand, there is unanimous 
agreement among the investigators that sub 
conjunctival injection of acetazoleamide pro 
duced no significant lowering of the intra 
ocular pressure of a normal rabbit eye 


SUMMARY 


Qf the total carbonic anhydrase activity 
of the anterior uvea of the rabbit eye, the 
ciliary body possesses 60% and the iris 40% 

Intravenous and subconjunctival adminis 
tration of acetazoleamide ( Diamox ; 2-acety] 
amino-1,3,4-thiadiazole-5-sulfonamide ) com 
pletely inhibited the carbonic anhydrase a 
the 
eye. 


tivity in ciliary body and iris of the 
rabbit 

The inhibition was shown to be a true in 
vivo reaction, and not caused by contamina 
tion by the drug adsorbed on the tissue or 
present in the residual blood in the tissue 

No significant lowering of the intraocular 
tension of the rabbit eve was observed after 


+ Experiments similar to the ones reported 
herein were performed with rabbits obtained trom 
the Haskins Rabbitry in St 


bitry which supplied the “responsive” animals used 


Louis, the same rab 


by Becker.’° In our hands these animals showed m 
appreciable lowering of the intraocular tension after 
systemic administration of acetazoleamide (Tables 
8 and 9). The 
phrectomy, when given the drug intravenously 18 to 


same animals after bilateral ne 


20 hours later, showed a significant fall in the 
intraocular tension (Table 10), in agreement with 
tecker. Similar experiments with our usual rabbits 
showed no lowering in intraocular tension (Tables 


11 and 12). In all 


activity of the 


anhydrase 
inhibited. It is 


that we 


cases the carbon 


anterior uvea was 


significant, moreover, to note have ex 
that 
istration the concentration of acetazoleamide in the 


blood 


considerably in excess of that required to inhibit 


perimentally found after intravenous admin 


plasma of the nephrectomized rabbit was 


completely the carbonic anhydrase activity in the 
these 


mechanism of gas 


erythrocytes. Under conditions 
with the 


may 


interterence 
exchange 
effects 
observed by Becker with nephrectomized rabbits 

t Ballintine, FE. J. 
the authors 


§ Harris, J. L 


respiratory 


very well account for the local ocular 


Personal 


communication to 


, in discussion on Becker.! 


q At. A 


Intraocular | ensi fk from Haskins Rabbitry, St. Lows, After Intravenous 


Injection tacoleamide, 30 Ma/kKa ody Weight * 


Seale Readings 


Average Slope 
w Min 60 Min 120 Min is) Min Seale Units/100 Min 


Average 


otal average 


rotal 


Control Rabbits Uninjected 


Average 


Total average 


* Values are seale readings with Schigtz tonometer, 5.5 em. weight. O'S, left eye; right eye 


Paste 9.—I/ntraocular Tension of Rabbits from Haskins Rabbitry, St. Lous, After Intravenon 
Injection of Acetazoleamide, 30 Mg/Kq. Body Weight: Same Animals as Those 
lable &, Treated lorty-Light Hours Later * 


Scale Readings 
Average Slope 
Min Min Min Seale Unite/100 Min 


3 +2.0 
+10 


Average 
8.D 


Total average 


Total 8S. D 


Total average 


* Values are scale readings with Schigtz tonometer, 5 rim “ . right ey 


CARBON] 
6 Min 
Os 
5 5 ‘4 4 4 6 4 ‘4 +0.6 
3 3 4 ‘ 6 6 +25 +19 
) ‘ 6 i 6 4 7 ‘ +1.5 +1.7 
4 4 3 6 6 ) +15 +14 
‘ 3 ‘ 6 1] 11 +5.7 +2.7 
4 4 i > 404 
‘ 3 ‘ t 6 5 rls +16 
4 4 4 ty oo 1? 
» + 
| | 
+108 
1.16 
‘ 6 4 , +0.2 +11 
+106 +06 
$0.86 
ov op 
‘ i 7 , 6 7 f 7 
‘ 6 4 ‘ 
6 ‘ 7 6 6 +-2.7 11 
) 4 4 6 ‘4 +24 
‘ ‘ 7 6 5 ‘ 1.0 28 
4 4 6 6 6 
4 5 ‘ 5 ‘4 0.2 o4 
+0.74 
om” ow 
+0.) 
Os 
Rabbits Uninjected 
‘ 4 ‘ 4 $1.0 +16 
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10.—/ntraocular Tension of Rabbits from Haskins 


Kabhitry, St. Louis 
venous fecta oleamide 7) Ma Ka. Bod 


Having Received Intra 
Weight Eighteen to Twenty Hours After Bilateral 


\ ephre ctomy * 


Seale Readings 


Average Slope 


0) Min 1240 Min Seale Units/ 100 Min 


Min 


Average 


Total average 
rotal 8 D 
(Control Rabbits —Uninjeeted 


Average 
Total average 
* Values are scale readings with Se« higtz tonometer, 5.5 gem. weight. O.8. left eye; O.D., right eye 


Tension of Rabbits Hlaving Recewed Intra 


enous Acetasoleamide, 30 Mg 
Body Weight, Eighteen to Twe nty Flours 


Ifter Bilateral Nephrectomy * 
Seule Readings 


Average Slope 
Min Min 60 Min 


170 Min Is Min Seale Units/100 Min 


Average 
S.D 


Total average 
Total 


Control Rabbits Uninjeeted 


7 6 
Average 
Total average 


* Values are senle readings with Sehietz tonometer, 5.5 em. weight. O.S., left eye: O.D., right eye 


12 


Intraveular Tension of Rabbits Having Received 10 Mag 
Subconjunctivally Eighteen to Twenty Hours 


(0.2 Ml. ) Acetasoleamid 
Ifter Bilateral Nephrectomy * 


Seale Readings 


Average Slope 
Min 30 Min Min 


Min Seale Units 100 Min 


oop 


Average 
SD 


Total average 
Total 8S. D 


* Values are scale readings with Schietz tonometer, 5.5 gem. weight ©. S., left (injeeted) 
trol) eye 
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CARBONI( INHYDRASE—INTR 


local and systemic administration of aceta 
zoleamide 
Similar results were obtained with the use 
ot p-carboxybenzenesulfonamide (Dirnate ) 
The results indicate that the maintenance 


of the intraocular pressure of the normal rab 


bit eye is not dependent upon the carbonic 


anhydrase activity of the anterior uvea 
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IRVING H. LEOPOLD, M.D., Philadelphia 
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In the preceding paper 
that the 


evidence was pre 


ented maintenance of intraocular 


not ce 


tension of a normal rabbit eye was 


pendent upon the carbonic anhydrase activity 
of the 


anterior: 


uvea, The present study was 


undertaken to determine whether the inhibi 


anhydrase activity of the 
the 


conjunctival administration of acetazoleamide 


tion of carbons 


interior uvea by intravenous and sub 


2-acetylamino-1,3,4-thiadiazole-5 
attected the 


Diamox : 


ulfonamide ) concentration of 


bicarbonate ions in the aqueous humor. Our 


results show that the elaboration and active 


transfer of bicarbonate ions into the aqueous 
the 
anhydrase of the anterior uvea of the normal 


humor are not mediated by carbon 


rabbit eve 


EXPERIMENTAL STUDY 


lhe Kinsey * that 
the concentration of bicarbonate ions in the 


recent observations of 


posterior chamber of the rabbit eye is not 


only greater than that in the plasma but also 
the 
support of 


yreater than that in anterior chamber 


were offered in riedenwald’s 


postulate * that bicarbonate ion is secreted 


by the ciliary body. Kinsey also suggested 


that the difference in bicarbonate ion concen 


From the Wills Eye Hospital, Department of 


Research 


\ preliminary report has appeared (Green, H., 


in discussion on Becker ') 
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tration in the two chambers is due to a net 
flow from the anterior chamber to the plasma 
and that the mechanism of this transfer is by 
a process no more complex than simple dif 


fusion Because of these considerations it 
was felt that any interference with the active 
transter of bicarbonate ion into the posterior 
chamber would be reflected in a lowering 
of the concentration of the ion in the anterior 


chamber 
the 


The net result of the inhibition of 


secretion of bicarbonate the 


posterior chamber would be physical equili 


mto 
bration of the bicarbonate ion between the 


plasma and the anterior aqueous humor * 
by virtue of the passive and reversible nature 
of diffusional transfer. For these reasons it 
was decided to determine the effect of acetaz 
Oleamide upon the bicarbonate ion concentra 
tion in the more readily accessible and abun 
dant anterior chamber aqueous humor. In 
all cases a sample of blood plasma prepared 
from blood withdrawn at the same time as 


the anterior chamber was tapped Was ana 


lyzed for bicarbonate concentration 


MetHops AND ProcepurEs 


The 


mined in a 


bicarbonate ion 
Warburg 
atmosphere of 95% N 
the COs liberated by 


concentration was 
apparatus at 37 C in an 
COs by measuring 
H2SO,. In all 0.15 to 
0.20 ml. of anterior aqueous humor or blood plasma 
was placed in the main compartment of a Warburg 


vessel, equilibrated, and gassed for 10 minutes 


and 5% 


at 
37 C. With the manometer adjusted for the zero 
minute reading, 0.2 ml. of OIN HuSO, was tipped 


in from the side-arm. The reaction was complete 


within 5 to 10 minutes 

One adult pigmented rabbit weighing 51% to 
6% |b, was used in each experiment Immediately 


* Nomenclature 


suggested by Kinsey 


% 

‘ 

q 
¥ 


CARBONK INHYDRAS BICARBONATI 


prior to the administration of the drug,+ aqueous 


humor 
Ci 


removed 
blood 
venous and 
ce 
the eye was 
chloride 


olution 


Was 


from and a 


btained 


one eye sample 


to serve as controls. Intra 


onjunctival injections were don 
At the 
anesthetized 
flushed 


and 


previously scribed specified time period 


with tetracaine hydro 
with 


Phe 


oblique 


thoroughly isotomic saline 


proptosed anterior Aqueous 


humor was removed by an corneal-limbal 


puncture through a 26-gauge needle either into a 


tuberculit fitted 


syringe of 


measured 


into a graduated pipette 


onto the 


the needl latter case tl 


t aqueous 
Warburg 


first emptied into 


humor was directly into the 


flask; in the former case it wa 
a conical tube, the cde 
flask 


rior ¢ 


from which 
Warburg 


ot the ante 


ired amount was 


pipetted into the Immediately after 


paracentesi amber a blood ample 


vas obtained by cardiac puncture with a syringe wet 


TABLE lon 


onale 


Min 


lotal average difference, 1.9 
Difference ¢ than 
Difference 


uM 
mM 
mM/L., 


reuter 
wreater than 


* Values are expressed in millimoles per liter 


with heparin was obtained after centri 
for 
Refrigerated Centrifuge, 


The | lasma 
¢ 0 C. at 10 minutes in an 


tugation rpm 


International 


RESULT 
Before assessing the physiologic signiti 
cance of the experimental data, it is desirable 
to consider some fundamental characteristics 
of the system under investigation 


Vethod lhe 


tional Warburg technique of measuring gas 


Accuracy of the conven 


exchange inherently possesses an accuracy 


of 95°, under conditions of high precision 
The described method of determining the 
bicarbonate ion involves the assumption that, 

+ Acetazoleamice 


\merican 


was supplied by Dr. Jame 
Division 


River, N. Y 


laboratories 


Pear! 


Gallaghe ede rie 


(yanamid Company 


Concentration 


Min 


ION 


by saturating the system with a gas atmos 
phere of 50 COs at 37 C and atmospheri 
pressure, the concentration in the original 
body fluid may be directly measured with an 


accuracy of about 95%, 


Normal Variation Between yes.-Betore 
investigating the etfect of experimental con 
ditions upon the normal composition of an 
animal eye, using the companion eye as 


control, it 


is necessary to determine, first, 


the difference in concentrations of the par 
substance that may normally exist be 


the 


ticular 


tween two eves, and, second, whethes 


this difference changes during the experi 


mental period. The results in Table 1 show 


m Aqueous Hlumor of Normal Rabbit 


Mir 


os 


mw) Mir 


oop 


that in mine animals te sted, the difference im 
the 


on the average, 1.5 mM /liter, 


bicarbonate ion concentration between 


two eyes 15, 


and that this difference is not significantly 
atfected by increasing the of 


Line paracen 


tesis of the second eye up to GO minute In 
the 27 animals examined, therefore, the con 
centration of bicarbonate 


the 


ron in thre 
19 


during the course of 60 minutes ; 


two eye 
mM 


20% 


citter hy 


on average, liter, 
of the 
animals gave a drop greater than 2 mM /liter, 
while 11% 
concentration greater than 3 mM_//liter 


\ 


observations 4 


howed a fall in bicarbonate ion 


Intravenous Injection 


\queous Hu 


mor l’reliminary 


indicated 


that a simultaneous and parallel lowering of 


the bicarbonate ion concentration in the blood 


t Green, H Becker! 


in discussion on 


0 Mir Mir — 
‘ “a4 +14 S40 4) 
‘ oe "4 +18 01 
au ] 74 7 0.8 
6.8 ( 41 ut 
L 
— 
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2.-Kicarhbonate lon Cencentration 


Intravenous Injection of Acetazoleamide, 


30 Ma/Kgq. Body Weight * 


Plasma Aqueous Humor Ratio 


0 Min Min 6 Min Min Min Min 


lies expressed as millimoles per 


plasma and aqueous humor occurred 30 min 


utes alter the injection of 30 meg. of acetazo 
leamide per kilogram of body weight of rab 


hit The more extensive and. statistically 


3.—HKicarbonate lon Concentration Ifter 
leetasoleamide 


Body Weight * 


Intravenous Injection of 
OO Ma/Ka 
Plasina Aqueous Humor 


Min Min 0 Min Min 


Valles expressed 


Ifter 
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Taste 4.—Bicarhonate lon Concentration After 


Intravenous Injection of 


100 Mg/Kq 


{cetazoleamide, 
Body Weight * 


Plasma Aqueous Humor 


Min Min 


0 Min » Min 


rime, 5 minutes: 
liter 


alues expressed as mmillimoles per 


evaluated results $ are given in Tables 2 to 5 
It can be seen that the injection of 30 mg 
of the drug per kilogram of body weight did 
not significantly lower the bicarbonate jon 
concentration in the two fluids after 30 min 
utes ( Table 2) lable 3, how 


ever, indicate that the drop in bicarbonate 


The data in 


lon concentration in the aqueous humor 3! 
minutes after the injection of 69 mg. of the 
drug per kilogram of body weight is statisti 
cally significant Despite this mathematical 
fact, it 1s questionable whether such a slight 
drop (1.9 mM /liter greater than the differ 


ence that normally exists between the two 


eyes) is directly associated with the physio 


logic action of acetazoleamide. since the in 


jection of a higher dose, 100 mg per kilo 


gram of body weight, did not appreciably af 
§ Dr. Askowitz assis tatistic 


thon oft the data 


Pantie 5.—Bicarhonate 
Intravenous Inject 
100 Ma/Ka 

Plasma 


Mir Min 


ig 

A. 

Ratio 

50 $1.3 41s 1.2% 1.22 

41.1 42.1 1.32 1.0% 

04) wt 1.58 1.39 

‘a 

ye ai” 1.46 14 

‘ ‘1 1 0.99 0.17 
liter 

4 

Ratio 
lon ( neocntration liter 
fe 
0 Milo n Of Acetasoleamidi 
i 13 Body Weight * 
4 18.7 1.78 156 

7 17 10s 

17 “1 “4 10 “4 

17.0 us ! 14 0.7% 

7 

as millimoles pr lime, ¢ minutes alues expressed as millimoles per 
17 

an 


ONT¢ INHYDRASE—BICARBONATI 
After 
Acetasoleamide, 


m O2 


6.—RBwarhbonate lon Concentration 


onjunctival Injection of 


5 Mg 


Plasma Aqueous Humor Ratio 


Min 60 Min Min Min Min 60 Min 
a4 wee 4 2.3 200 
200 
12.5 {3.3 2.43 

9 99 


minutes; values expressed as millimoles per 


liter 


7 Bicarbonate lon Concentration After 


Subconjunctiwval Injection of Acetazoleamide, 
10 Mg. m 0.2 ML* 
Plasma 


Aqueous Humor Ratio 


Min “) Min 0 Min w) Min 0 Min 
1.2 16.1 24.2 
1.33 

1M 1.23 


Min 


‘ 
120 
ol 

minutes: values 


expressed as millitnoles per 


bicarbonate ton concentration in the 
{ lables 


lasma: 


fect the 
aqueous humor 4 and 5) 


B Blood 
Fables 2 to 


It is clear from the re 
+ that the systemic ad 
100 


sults in 


munistration of 3O to mg. of acetazo 


leamiicle per kilogram ol body weight did not 


cause an appreciable lowering of the bicar 


bonate 1on concentration in the blood plasma 


during the first 60 minutes. Indeed, as the 


results in Table 3 indicate, 30 minutes after 
the injection of 60 mg. of the drug per kilo 
gram of body weight a significant increase 
in the bicarbonate ion concentration occurred 
(4.1 mM liter ) \ 
mM /liter) was noted five minutes after the 
injection of 100 mg 


(Table 4) 
the 


similar imerease (5.0 


per kilogram of body 
weight The physiologic signifi 


cance of increase shown in Table 3 is 


minimized in consideration of the fact that 


we are 


ION 


100 mg. per kilogram of body weight had no 
eftect the 
tion after 60 


upon bicarbonate ion concentra 


minutes (Table 5). The in 
crease observed in Table 4 may be associated 
with an immediate, but only temporary, in 
crease in pil of the blood plasma because 
of the relatively high concentration of alka 
linity introduced (100 mg. of acetazoleamide 
per kilogram of body 


10.0) 


weight, at 


Subconjunctival Injection. \. Aqueous 
Humor: The results are given in Tables 6 
to 11 that the statistically 


significant fall (3.8 mM /liter) in bicarbonate 


and show only 


Paste 8.— Bicarbonate lon ¢ Ifter 


lcetasoleamide, 
mO.2 ML* 


oncentratton 
Subconjunctival Injection of 


10 Ma 


Plasma Aqueous Humor Ratio 


0 Min Min Min Min 0 Min Min 
10.8 My 9.7 147 
22.7 1M 

1.65 

lau 1.22 

1.20 107 

1.30 

1.12 

110 

130 

1 


1.37 


alies expressed as millimoles per 


Kicarh 
Subconjunctival Injection of 


Mag 


Paste 9 nate lon After 


lietasoleamide 


Concentration 
0.2 


Plasma Aqueous Humor Ratlo 


6 Min Min. Min Is) Min. 6 Min Min 
a) 4 1.52 14 
1.14 
4B 5 if 2.42 


1 64 


Time 
liter 


values expressed in millimotes per 


CARI 
Su 
16.8 wee a3 210 
lis 15.5 100 2.16 
t 1240 0.0%) 
‘Tine, 60 
‘ 
49 
t 
* Time 
liter 
Av 21.0 21.3 wa 
4.7 ‘4 +. 0.33 O17 
t ov 0.°55 
24.5 21.1 19.4 7.9 1? 1 
Av 18.2 14.7 wo 174 118 
Dss 
17 


10.—Kicarbonate lon Concentration After 
Subconjunctival Injection of Acetazoleamade, 


20 Mg. in 0.2 ML* 


Piasma Aqueous Humor Ratio 


A. Time, ® Min 
Min Min Min Min 6 Min 


16.4 9.5 19) 
46.45 41.2 2.22 
06 S146 
13.2 240 2.24 
14.4 2.17 
14.4 
14.4 2700 

15 


Time, 24 Hr 
Min Min Min “ue 
4 41.5 1.44 
2.37 


182 


14 
0.20 
2.412 


* Values expressed as millimoles per liter 
level of the aqueous humor occurred 60 min 
utes after the subconjunctival injection of 


(‘Table No 
significant lowering of the bicarbonate ion 


10 my. of acetazoleamide 
concentration occurred in 30 or 180 minutes 
(Tables 7 and 9). That this lowering of the 
Incarbonate ion concentration in the aqueous 
humor is probably not associated with the 
direct physiologic action of acetazoleamide is 
suggested by the data in Tables 10 and 11, 
which show that higher doses, 20 mg. of the 
drug, did not appreciably affect the bicar 
concentration of the 


bonate ton aqueous 


humor in 30 or 60 minutes. 

During the course of this investigation it 
was observed that frequently the aqueous 
humor that was removed from an eye given 
subconjunetival injection of acetazoleamide 
hecame a gel on standing. Analysis of the 
Hui portion arising by agitation of the gel 
with a glass rod or pipette consistently gave 
lower bicarbonate values than in the control 
eye (Table 12). This phenomenon of gelation 
was frequently encountered during our stud 
ies with secondary or plasmoid aqueous 
humor and suggested that the subconjuncti 
val injection of acetazoleamide increased the 
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permeability of the blood-aqueous barrier. 
That this 


protein analyses of the aqueous humor and 


was the case was confirmed by 
by determining the fluorescein appearance 
The results, 
to be reported separately, show that the sub 


time in the anterior chamber 


conjunctival injection of 10 to 20 mg. of 


acetazoleamide in 0.2 ml. caused in several 


animals a marked increase (up to 200% ) in 
concentration of the 


the protein aqueous 


humor in 30 and 60 minutes : time of appear 


ance of fluorescein in the anterior chamber 
50%. It 
that the 
junctival injection of acetazoleamide effec 


was decreased about is therefore, 


reasonable to conclude subcon- 

tively increases the permeability of the blood 

aqueous barrier, thereby permitting the en 

trance of blood plasma into the aqueous 

Taste 11 Bicarbonate lon Concentration After 

Subconjunctival Injection of Acetazoleamide, 
20 Mq. in 0.2 ML* 


Aqueous Humor 


Min Min 


wo 


*Time, 60 minutes: 
liter 


valies expressed as millimoles per 


12.—Bicarbonate lon Concentration of Aque 
Which Gelled on Standing, After 
Subconjunctival Injection of 20 Ma. of 


Acetazoleamide in 02 ML* 


ous Tlumor, 


*O.8S., control eye; O.D., injected eye. Values are ex 


pressed as millimoles per liter Time of tapping right eye, 


mintites after injeetion 


1.15 
q 144 
1.21 
1.72 
8. D 0.20 
q é 
t 0.09 0.923 
46 316 
$2.4 
wo 
43 
“1 10.8 
“8 
"6.6 50 
7.2 
SD 7 16 
2 t 0.500 
Diff 
a 0.1 43 
69 
19.2 11 a] 
6.6 2.9 13.7 
10 “ud 61 
= 


CARBON I( INHYDRASI 


humor.£ Since the bicarbonate ion concen 
tration of the blood plasma is about 10 
mM/liter # less than that in the anterior 
aqueous humor, the observed fall in bicar 
bonate ion concentration in the latter could 
easily be caused by such a dilution by dif 
fusion. In those experiments in which such 
a drop was not observed, it is assumed that 
the contribution of the blood plasma to the 
aqueous humor at the given time was insuf 
ficient to affect the bicarbonate ion concen 
tration appreciably 

B. Blood Plasma 


to 11 show that the subconjunctival injection 


Lhe results in Tables 6 


of 5 to 20 mg. of acetazoleamide did not sig 
nificantly lower the bicarbonate ion concen 
tion in the blood plasma 
crease (7.5 mM 


The indicated in 
liter) in blood bicarbonate 
(Table 10) may have been associated with 
the temporary low 
(13.6 mM 
hours 
mM 


bicarbonate ion 


original concentration 


liter), since the same animals 24 


blood 19.] 


The diurnal fluctuations of the 


later had a value of 
liter. 
concentration in the blood 
plasma over a period of three hours prevent 
any assignment of significance to the indi 
cated rise (5.7 mM /liter) after 180 minutes 


(Table 9) 
COMMENT 


\lthough the mechanism whereby acetazo 
leamide reduces intraocular pressure in glau 
comatous eyes is still unknown, these studies 


{| This may be the reason why the subconjun 
tival administration of acetazoleamide is not clinic 
ally effective in reducing the intraocular pressure 


ol glaucomatous eyes 
# The accumulated determinations of bicarbonate 
(mM 
humor of 95 
blood: 19.4 
S.D. 3.6; ratio 


ion concentration liter) in blood plasma and 


anterior gave the 


animals 


S.D. 5.3: 
155. Sp 


aqueous 
data 
30.1 


following aqueous 


humor ).37 


BICARBONATE 


LON 


may pernut a better understanding of ocular 
physiology and dynamics of aqueous humor 
formation, The results of this investigation 
tend to make untenable the heretofore reason 
able assumption that the earbonic anhydrase 
activity of the anterior uvea mediated the 
elaboration or active transfer of bicarbonate 


lons into the aqueous humor of the rabbit eve 


SUMMARY 


Phe determination of the bicarbonate ion 
concentration of 95 animals by the Warburg 


technique gave the following values, ex 


pressed in millimoles per liter 
19 } 10.6; 


2; ratio, 


blood, average 
anterior aqueous humor, 30.1 
1.55+0.74. The range is deter 


mined by 95°) confidence limits ¢ xpressed as 


2 standard deviations. Intravenous and sub 


conjunctival injection of —acetazoleamide 


(Diamox) did not 


appre lower the 
bicarbonate ion concentration in the anterior 
aqueous humor or in the blood plasma of a 
normal rabbit. It is concluded that the ear 
honic anhydrase activity of the anterior uvea 
is not necessary for the elaboration or main 
tenance of bicarbonate ion concentration in 
the anterior aqueous humor of the normal 
rabbit eve 
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* 


In two previous papers * it had been shown 


that the imtravenous and subconjunctival 
injection of aceatzoleamide (Diamox ) com 
pletely inhibited the carbonic anhydrase ac 


tivity of the anterior uvea of the rabbit eve, 
without appreciably lowering either the nor 
mal mtraocular tension or the concentration 
of bicarbonate ton in the aqueous humor 

\ better understanding of the mechanism 
of action of acetazoleamide im the manaye 
ment of glaucoma depends upon a knowledge 
of the medium through which the drug func 
tions, It was of interest, therefore, to deter 
mine whether the drug entered the aqueous 
local and systemic 


humor of the eve after 


adnmunistration, and im what concentration 


The 


nation ol 


only method available for the deter 


acetazoleamide in biological 
fluids was that of Maren, Ash, and Bailey.? 
It is based essentially upon the changing pH 
method of Philpot and Philpot * and is de 
pendent on the rate of hydration of COs» in 
the presence of the carbonic anhydrase in 
hiubitor, Despite the reported advantages of 
high sensitivity, accuracy, and specilicity, the 
method is indirect and 


requires special 


set-up under carefully controlled conditions 


From the Wills Eye Hospital, Department of 
Research 

* References | and 2 

Prior te the Maren 
which 


preliminary investi 


initiation of this study, Dr 


made available to us a preprint of the paper 


at that tume did not ielude his 
method 


gations of a spectrophotometri 


178 


This report describes a simple and direct 


spectrophotometric method for the deter- 


mination of acetazoleamide in the aqueous 


humor of the eye. Measurable quantities of 
the drug were found in the anterior chamber 
after local and systemic administration. 


MATERIALS 


The sodium salt of 
plied by Dr 


acetazoleamicde Was sup 
l_ederle 
methanol was ob 
All optical 


microcuvettes 


James Gallagher, of Labora- 


tories grade absolute 


Baker 


measured im 


Reagent 


tained from the Chemical Co 


densities with a 


jeckman Spectrophotometer, Model DU 


were 


Pigmented rabbits, 5 Ib 
used The 


hydrochloride and 


(2.5 to 2.9 kg.), 
anesthetized 
then 


were with tetra- 
flushed 


humor 


eves were 


caine thoroughly 


with isotonic saline solution. The aqueous 


was removed through a 26-gauge needle into a 
tuberculin syringe and emptied into a conical tube, 


from which the desired aliquot was removed 


EXPERIMENTAL PROCEDURE 


The ultraviolet absorption spectrum of an 
acetazoleamide in con 


mi., pH 6.5 to 829, 


aqueous solution ot 


centrations up to 
possessed a maximum peak at 265 mp. When 
the pli was adjusted to 10 or higher, the 
position of the maximum peak shifted to 
200 mip, as shown in Figure 1. The optical 
density of the peak at 200 my is about 70% 
larger than that of the peak at 265 mp. The 
absorption at 290 mn follows Beer's law for 
concentrations as high as 50y//mil 


Op 


tical density per nucrogram ot acetazolea 


mide was 0.05 


In order to utilize the absorption char 


acteristics of acetazoleamnde as a basis for 
its quantitative determination, it was neces 
sary to remove selectively the substances in 
aqueous humor that were responsible tor its 


relatively high absorption in the ultraviolet 


j 
4 
q 
= 


(CE TAZOLEAMIDI 


| 

4 
240 250 > 270 
Wave 


big. 1.—Effect of p 
cates values for l0y of acetazoleamide in 1 ml. of 


zoleamide in 1 ml. of 0.1 N NaOH 


spectrum. The two major components that 


contribute largely to the ultraviolet absorp 


tion properties of aqueous humor are pro 


teins and ascorbic acid, The latter, present 
100 cc. in 


maximum ab 


in concentrations of 28 mg. per 


rabbit aqueous, possesses a 


sorption peak at 265 my in solutions of pH 
from 5 to 10. Above pH 10, however, this 
peak ts almost completely destroyed, and the 
ultraviolet 


spectrum is practically zero for 


original concentrations of ascorbic acid of 


50y/ml. The contribution of the protein 


06 
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Wave Length mu 


ptior pectrum ot 


aqgucou 

icetazoleamiuce 
aqueou umor (0.15 ml.) 

cribed in the text. Line 

normal humor; the line of 

irom an eye that had been mye ted 


acetazoleamice 


aqueou clear circle 


aqueous humor 


subconjunctivally with 


DETERMIN 


280 
Lenath mu 


H upon the absorption spectrum of acetazol: 
Hu); the line 


290 300 310 


circles uid 


acet 


imide. The line of clear 


of black circles e values for 


lraction to the over-all absorption in the 


region of 230 to 320 nip could he reduced 


to a minimum by heating a dilution of 


aqueous humor at 50 © for 1O minutes and 


removing the precipitate formed, Under these 
conditions the absorption spectrum of aque 
ous solutions of acetazoleamide was substan 


hially unchanged. Attempts to reduce the ab 


sorption of normal rabbit aqueous humor at 


200 mp to O or a negligible value failed. 


It was necessary, therefore, to establish a 


control value for normal aqueous humor.§ 


In all experiments, accordingly, the normal 


humor Was removed from: one eye 


of the anmnal prior to systemic or local ad- 


nunistration of the drug, and the aqueous 


humor of the other eye was used for experi 


mental evaluation 


lhe analytical procedure devised for the 
quantitative determination of acetazoleamide 


in the aqueous humor of the eve is as follows 


\queous humor, 0.1 to 0.2 was pipetted 


into a gla toppered conical centrifuge tube 


contammng 2.0 ml. of absolute methanol 


\cetazoleamide 1s more soluble in methanol 


than in water.) The aqueous methanol solu 


heated in a water bath at 50 C for 


Phe 


tion was 


minute denatured proteins were 


t Hexane extraction of the methanol 


lipid 


humor, to remoy { 


pectrum 


| 
| “ \ 
04+ 
> 
c 
6403 
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a 
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- 
| 
a 
c 
a | 
& 
O 
- 
a 
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| 
a 
0.1 
| 
of 
aqucous effect on 
the absorption 
| 
§ An average optical density of 0.196/0.15 ml 
SY of aqueous humor was obtamed 
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eparated by centrifugation ; the supernatant 
was poured off and the residue washed with 
W% methanol. The methanol was removed 
under reduced pressure at a bath temperature 
© 45 C and the resulting residue dissolved 
m ml. of O01 NaOH 
density of the caustic solution was measured 
at 290 tip against a O.1 N. NaOH solution 
a blank 


\ typical experimental observation is given 


m Figure 2, 


The optical 


used as 


which shows the absorption 
peetrum of normal aqueous humor and of 
aqueous humor from an eye that had received 
subconjunctival injections of 10 mg. of aceta 
zoleamide, The addition of ly to 20y of aceta 


zoleamide to 
) 


O15 ml. of 
54.0%10° M) 


quantitatively by the above-described pro 


aqueous humor 


(2.7 to could be recovered 


cedure 


RESULTS 


hifteen to OO minutes after intravenous 


nijection of 30 mg. of acetazoleamide per 
kilogram of body weight, concentrations as 
high as 4.6y per 0.2 mi 


(94 


of aqueous humor 
M) were found; 30 to 90 min 
utes alter subeconjunctival injection of 5 to 
10 my. of the drug, concentrations from 

to S8y per O.2 mi. of aqueous humor (6.2 


M to M) 


were found 


The above-deseribed method was not ap 


plicable to the determination of acetazolea 


mide in extracts of ciliary body and Iris 


because of the presence of interfering ab 


vorbing material that could not be removed 


\iter this paper had been prepared for pub 
learned of the 
Maren 


aqueous humor of rabbit 0.67 and 


heation, we unpublished observations 


of Ballintine and (cited in reference 3), 


who found in the 
OY p milliliter, respectively, 2 and 0.5 hours 
attet 


(2 


intravenous administration of acetazoleamide 


and 10 me/ke., respectively). 
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However, analysis of the tissue extracts by 
enzyme inhibition studies indicated the pres- 
ence ot to of acetazoleamide in an 
extract equivalent to one ciliary body-iris 
tissue after subconjunctival injection and 
from Sy to 8y after intravenous injection. 


SUMMARY 


method for 
(Di 


amox) im the aqueous humor of the rabbit 


A nucrospectrophotometric 
the determination of acetazoleamide 
eve is described. 

Concentrations up to 4.6 per 0.2 mi. of 
aqueous humor were found after intravenous 
injection of 30 mg. of the drug per kilogram 
of body weight, and from 3y to 3&y per 0.2 
ml. of aqueous humor was found after sub 
conjunetival injection of 5 to 10 mg. of the 
drug 


By means of enzyme inhibition studies 
with extracts of ciliary body-iris tissue, con- 
centrations from 10y to 15y of acetazoleamide 
were found in one tissue after subcon jun 
tival injection and from 5y to &y after intra 


venous injection, 
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J. FRANCOIS, M.D. 

M. RABAEY, M.D. 

and 

R. J. WIEME, M.D., Ghent, Belgium 


In 1894 Morner demonstrated that there 
exist four ditlerent holoproteim tractions im 
the lens \ fraction msoluble at physiologi 


called albuminoid. Three water 


cal pH was 


soluble fractions were found: two atypical 
globulins (a and # erystallin) and an albu 
min-like fraction (y crystallin) 

The separation and elimination of the in 
extract Is 


The 


wate! 


soluble fraction from the crude 


simple and made by centritugation 


separation and tractionation. of the 
soluble fractions is a much more complicated 


Morner, 


thors have tried to establish 


problem. lollowing different au 
a suitable trac 
control 


1927 ; 


tionation device, mostly without any 
(Krause, 1932; Woods 
Burky and Woods, 1928; Bonot and Nord 
1946; 1949). On the 


hand, the proteins by these methods 


and Burky, 


mann, Nordmann, 
other 
of fractionation are often profoundly modi 
fied 
different 


denaturated by the 
The this 


well-defined 


and even largely 


manipulations aim of 


work is to obtain and homo 


geneous protein fractions from the point of 
view of electrophoretic control 
()x lenses were chosen as material because 


of the relatively large quantity of protein 


available (concentration +5% ) 


\queous extracts of lens proteins are pre 


pared by grinding fresh decapsulated ox 


lenses (cortical or nuclear part) and subse 


quently adding distilled water. Centrituga 


tion at 15,000 rpm for 45 minutes is carried 


Researcher of Belgian tional Fund for 
Scientific Rese; (Dr. 
Prete 


(Dr. Fr 


ilonn University of Ghent 
Clinic of the Uni 


J. Francois, M. D 


out in order to remove the imsoluble albunn 


noid. As we have previously demonstrated 


(1953), the pherogram (paper electro 
phoresis technique of Grassmann and lan 
Oly) of the 


three 


nig; butfer solution pH &6; 


ox lenticular proteins reveals water 


fraction the 
(53%), 


soluble fractions 
(32%): Fraction II 


(15%) 


Host 
mobile and 
Fraction The concentration ot 
different im the 
Fraction the 


fraction, predominates mark 


these three fractions 1s 
nucleus and in the cortex 
least. mobile 
edly in the nuclear portion, 

experience has shown us that Iraction | 
may be obtamed in bractions 


and are, 


sistant to further separation, even when the 


a pure state ; 


on the contrary, highly re 


1.-Protem lbractions the Ox Lens 


Nucleus, ‘ 


Hil 


Fraction Cortex, 


pli, the temperature, and the dieleetrie eon 
stant of the 
trolled 


solvent are very carefully con 


\s the aqueous extracts of the cortex and 


of the nucleus behave in a very different 
fashion, we shall describe separately the tech 
niques which are applicable to each 


FRACTIONATION OF THE “CORTEX” 


PROTELN 
1. Separation of aye and age Crystallin 
The 


Oxen ts 


aqueous extract of the lens cortex of 
shown by electrophoresis to consist 
(hay 1) hie 
aqueous extract is first brought to pil 4.3 
with HiCl 1 N/10 and thereafter to pH) 5.0 
with NaQOli N/1O 


which mainly consists, as 


of three protein fractions 


\ precipitate is formed 


hown by electro 
phoresis, of Fraction (fig. 2). This trac 
tion 1s called aye crystallin 
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Figure 1 


The aye crystallin is eliminated by centrif 


ugation and dissolved in) barbital sodium 


(Veronal sodium) buffer (Michaelis) or 
phosphate buffer (pH &). 

The yield of this aye is very weak; the 
major part of Fraction | remains in the solu- 
tion, as is shown by a pherogram obtained 
from the supernatant fluid (Fig. 3). 


Figure 2 
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Figure 3 


To the supernatant fluid, at a temperature 
and 10 ¢ 
slowly while stirring until a concentration of 


between 5 ( , ethyl alcohol is added 


13% is reached, A new precipitate is formed, 
which also consists almost exclusively of 
Iraction | (Fig. 4). This fraction we called 
a,c crystallin, This precipitate is centrifu- 
gated and dissolved like a;c crystallin. 


Figure 4 
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TION 


OF LENS PROTEINS 


Figure 


\Ithough the major part of the Fraction | 
is now eliminated from the aqueous extract 
(90% to Y8% ), there remains nevertheless 
variable portions of Fraction I in the super 


natant fluid (Fig. 5 This is removed by 
increasing, at the same temperature, the con 
centration of alcohol to about 17%. The 
precipitate now obtained is no longer homo 
geneous, but this operation is indispensable 
for eliminating Fraction | completely from 
the solution 


Figure 6 


2. Separation of the Be Crystallin.—The 
supernatant fluid is rendered alkaline (pH &) 
with NaOH N/1O or with barbital sodium 
buffer. Sodium chloride 0.56% is also added, 
after which at a temperature below O C the 
concentration of alcohol is further increased 
to 26. When the temperature is lowered 
to about 10 © a precipitate forms, which 
is recovered by filtration, still at the same low 
temperature, The precipitate is redissolved 


at a temperature below O C in buffer solution 


Figure 7 


Thus is obtained a fraction which we call 
Be crystallin, The pherogram of this fe 
crystallin shows the peaks of the Fractions II 
and Tl from the cortical lens protein ( Fig. 
6). Only a small quantity of Fraction IIT is 
present 


FRACTIONATION OF THE “NUCLEUS 


PROTEINS 


1. 


aqueous extract of the nucleus, containing 


Separation of the an Crystallin.—The 
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Figure 8 
the three electrophoretic fractions already 
known (Fig. 7), is first brought to pH 4.5 
by adding HC1 N/10, then brought to pH 5.0 
NaOH N/1O. A bulky 


precipitate is obtained, which ts recovered by 


by the addition of 
filtration, and the precipitate is dissolved as 
usual. This fraction is called an crystallin. 
This an crystallin consists almost exclusively 
of the nuclear Fraction I (electrophoretic 
of 


Fractions and (Fig. 8). This Fraction 


control) and contains only a few traces 


Figure 9 


M. 


A. ARCHIVES OF OPHTHALMOLOGY 
1 can be obtained in an even purer state by 
redissolving and reprecipitation. 


? 


Separation of the Bn Crystallin.—The 
filtrate obtained after elimination of the an 
small 
The pH is 
$C 
Sodium chloride 0.5% and ethyl alcohol to 


crystallin contains generally only a 
per cent of Fraction I (Fig. 9). 
brought to 8.0 and at a temperature of 


Figure 10 


hye 


cipitate which is obtained under these con 


a concentration of 130 are added pre 


ditions is recovered by filtration at the same 


temperature and redissolved as usual be 
low OC, 


This fraction is called Bn crystallin. By 
electrophoresis no trace of an erystallin ts 
found, but two peaks of variable height cor 
responding to the nuclear Fractions I! and 


IT] appear (Fig. 10) 
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The 
portions separated by our method have been 
We 


thus obtained completely soluble white pow 


lreeze-Drying. different protein 


dried by the freeze-drying technique. 
ders. The pherograms of the redissolved 


proteins are identical with those obtained 
before the drying 


COMMENT 
A fact emerging immediately from these 
experiments is that the fractionation of the 
water-soluble proteins of the cortex is much 
more difficult than that for the proteins of 


Fig. 11 


the Bn crystallin in the presence of 21.5% 


Effect of pH’s 5.2, 6.5, 7.0, and 8.0 on 
alcohol. 


the nucleus. The an crystallin is obtained 
more easily than the ac crystallin. By elec- 
trophoresis, on the other hand, clear differ 
ences are observed, liven if the mobility of 
these a fractions is analogous, a considerable 
amount of the an crystallin is absorbed on 
the paper while migrating on the paper strip 

Attempts to fractionate Bn crystallin in 
order to obtain the electrophoretic Fractions 
I] and III have proved unfruitful. Table 2 


demonstrates this point: It sums up the in 


Fig. 12.—Lens proteins in barbital sodium buffer 
diluted. Reduced to 52% of mag 30,000 Uni 
versity of Ghent Center of Electron Microscopy 


fluence of the pil and concentration of al 
cohol (temperature 4 C) on the fractionation 


of Bn erystallin, Although the amounts of 


Fraction and Fraction in the precipi 


tate varv from 40% to 60° for a concentra 


tion of 18.4% aleohol, no clear separation, 


however, could be obtained ( big 


Taste 2.—kflect of Alcohol Concentration and 


pH on Fractionation of Bn Crystallin 


Coneentra 4 7 
tion of 


The value of our method of fractionation 
lies in the fact that we are able to obtam pro 
tein fractions which are clearly defined and 


in sufficient quantities to permit: chemical 


or physical study, 
Thus, we have already been able to make 


several determinations of molecular weight 


(M. \W 


), by light seattering.* 


barbital sodium buffer 
30,000, Uni 


Fig. 13 
ciluted 


Lens protems im 
” 


Reduced to 52% of mag. ¥ 


versity of Ghent Center of Electron Microscopy 
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The intensity of the seattered light was 
measured over a wide variety of angles, and 
the values have been plotted according to 
Zinn's method. Calibration was made with 
pure toluene, The results of this investiga 
that the 


weight of the Fraction | (a crystallin) is 


tion seem to indicate molecular 
much higher than those of Fractions Il and 
Il] (8 erystallin). For instance, the fraction 
Bc has gvivena M. W. to the order of 200,000 
and the az a M. W. to the 


1,200,000 


order of 


It also became evident that the molecular 
weight of the lens proteins increases mark 
edly in the nuclear part of the lens. 

These same “molecules” or “particles” be 
come so large that, although they remain 
completely soluble and move in the electric 
field, they are easily seen with the electron 
rascope 

These 


niecroscope (Cs 


taken with the electron 


Vandermeerssche, Center of 


pictures, 


Microscopy in Ghent), for the 
existence of 
Phese 


marked tendency to gather together in more 


particles with a diameter of 
(Fig. 12). 


quastspherical 


about 


particles have a 


complex formations, of which 


Figure 13 
gives an example: The side-by-side orienta 


tion sketches a design of fibers 


SUMMARY 

\ new method of fractionation, inspired 
by the work of Cohn and his school, permits 
the obtention of simple protein fractions from 
\s there 


between the 


the aqueous extract of ox lenses. 


exists a very clear difference 


cortex and the nucleus, we distinguish for 


the cortex the ayc and ave and Be crystallin 


and for the nucleus the an and Bn crystallin 


* Professor 


the studies of macromolecular physics at Strasbourg, 


Sadron, Director of the Centre for 


MM. ¢ 


cooperated this 


and A. J 


study, and 


Hyde collaborated 


Wippler 


ARCHIVES OF OPHTHALMOLOGY 
\Ithough the a crystallins are electrophoreti 
cally homogeneous, the 8 crystallins are, on 
the contrary, resolved by paper electro 
phoresis into two peaks 

existence of 


hysical study reveals the 


very large molecules, especially in the 
nucleus, which possess an evident tendency 
to agglomeration, of which the degree must 
he of great importance in the aging of the 


lens and formation of cataract 
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Sidon on Experimental Glaucoma 


ENRIQUE WUDKA, MD. 
and 
IRVING H. LEOPOLD, M.D., Philadelphia 


The aim of the present investigation 1s 
the study of experimentally induced glau 
coma in the rabbit and the influence of iridec 
tomy on its course. ‘The normal intraocular 
pressure can be raised (a) by decreasing the 
aqueous drainage or (>) by increasing the 
rate of fluid production. 

1. Diminished aqueous outflow has been 
achieved by mechanical blockage of the filtra 
tion angle. ‘This can be accomplished in the 
following ways: (a) by injecting oils and 
colloids that hinder the outflow of aqueous 
at the angle of the anterior chamber '; (b) 
by producing an inflammatory response at 
the angle, with ultimate development of syn 
echiae '; (¢) by developing proliferative 
endothelial reaction at the angle by means of 
electrolytic products,’ and (d) by occlusion 
of the pupil, which also leads to mechani 
anterior 


cal blockage of the angle of the 


chamber. Interruption of the aqueous cir 
culation at the pupil has been produced by 
obstructing the pupillary aperture with air 
or solid S« heie 
Barkan 


and Frayer* and 


lis 


induced air glaucoma, by which 


fluid in the posterior chamber 1s trapped 


iris forward 
Wortham,‘ 
by inserting a grooved plastic dise into the 


and pushes the root of the 
until the angle is obstructed 
pupil, was able to precipitate an acute glau 
coma and iris bombé, which disappeared 
when the iris separated from the dise 


2. An increase in the aqueous inflow can 


he produced by substances that, applied 
locally, augment the caliber and permeability 


From. the 
Hospital 


Research of Wills Eye 


Department 


of the ocular vessels. Vascular glaucomas 
of this nature have been produced by hista- 
mine, a nitrogen mustard, and isofluorophate 


(DEP) 


to produce an acute increase in pressure by 


Friedenwald and Pierce were able 
injecting histamine into the eyes of dogs. \t 


the same time, they observed a narrowing 
of the anterior chamber and the bombe ap 
pearance of the iris, which subsided when a 
stream of fluid passed from the posterior to 
the anterior chamber, with a simultaneous 


Davson and associates * 


decrease in tension 
have demonstrated the profound influence 
that vascular and neurological factors exert 
on the severe congestion and the acute hyper 


Von Sall 
mann and Dillon * held the opinion that the 


tension due to nitrogen mustard 


rise in ocular tension following instillation 
of isofluorophate is caused by increased per 
meability of the ciliary capillaries, and in 
their experiments treated and control eyes 
did not show a constant difference in the 
depth of the anterior chamber 

kor deseriptive purposes, the investiga 
tions presently reported are divided into two 


The 
study of the configuration of the anterior 


sections first is concerned with the 
chamber, and the second refers to the evalua 
tion of the action of two types of antiglau 
comatous operations (peripheral and com 


plete iridectomies ) 


A, CONFIGURATION OF THLE 


ANTERIOR CHAMBER 


The configuration of the anterior chambets 
has been believed to play an important part 
in the etiology of glaucoma since Knies,” in 
1876, described in glaucomatous eyes the 
presence of peripheral adhesions between the 
iris and On the basis of this 
observation, he pointed out that the cause 


* References 6 and 7. 
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BmMintth 
Fig. Anterior 
rabbit X 
posterior chamber 
Reduced 71% 


chamber angle in normal 

needle imserted into the 
is visualized behind the iris. 
from mag. 12 


albino 


of mereased intraocular pressure is an ob 
struction to the normal outflow of the aque 
Weber '” 


supported similar pathogenetic views, differ 


ous humor and Priestley Smith '! 
ing only on the explanation of the mechanism 
by which the angle of the anterior chamber 
hecomes luded 

lhe modern mechanical theory of the 
origin of glaucoma started when Raeder,'* 
in 1923, demonstrated that acute congestive 
glaucoma is associated with a shallow ante 
rior chamber, whereas the chronic simple 
type is more frequently associated with a 
deeper chamber, With the development of 
gomoscopy, ample evidence was accumulated 
in favor of the obstructive theory Jarkan,' 
in 1938, introduced a classification based on 
the appearance of the angle of the anterior 
with the 
Notwithstanding the progress accomplished, 


chamber as observed gomioscope 


final proof must wait until all the factors 


Fig. 2 


angle 


Appearance of the anterior chamber 
in an albino rabbit after complete iridec 
Reduced 71% from 11 


tomy 


involved and their mechanism of action are 
identified, 

The factors that determine the depth of 
the anterior chamber have been divided by 
Sugar '* into two groups, anatomical and 
physiological. In the opinion of the mechani- 
cal school, the basic anatomical factors are 
refractive errors, lens growth, corneal size, 
and iris thickness. The physiological factors, 
also known as angle-crowding factors, in 
clude accommodation, pupillary dilatation, 
ciliary and 


congestion, relative pupillary 


block with physiological iris bombé.'® 


The study of the morphology of the cham- 
ber angle was accomplished in vivo by goni- 
oscopic observation and in vitro by histologi- 
cal section. 
Between 5 and 10 albino rabbits were used for 
each group of observations. The animals weighed 
3 and 6 Ib. (1.3 and 2.7 kg.) 


anesthetized with thiopental (Pentobarbital +) sodi 


between They were 


um (0.2 mil./lb., or 0.4 ml./kg.) and placed in a 


lateral position for gonioscopic examination. In 
some cases a canthotomy was performed, and after 
slight proptosis of the eye the contact glass was 


applied. The liquid used for injection under the 
lens was methylcellulose 1% 

Histological sections were made according to the 
cedar oil-celloidon method and stained with hema 
toxylin and eosin. 

After becoming familiar with the normal appear- 
ance ot the angle,“® we modified the configuration 
of the anterior chamber by mechanical procedures 
and the use of drugs. 

I. The 


consisted in the following 


alterations induced by physical agents 


(a) Removal of the aqueous, followed by injec- 
tion of air or isotonic saline into the anterior cham 
be r 


(b) Introduction of isotonic saline or air through 


the posterior chamber. This was achieved by the 


imsertion across the ciliary body of a bent needle 


whose position was observed through the iris 


(Trig. 1) 


(c) Iris surgery consisting in peripheral and 


complete iridectomies. In eyes that had been opera 
two to four weeks 


ted on observations were mad 


after surgery had been performed 


+ Pentobarbital 


solution containing 60 mg. per milliliter 


sodium, supplied as a. sterile 


3 4 \ 
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as a basis for the 


following pharmacological effects served 
selection of drugs 


(a) Miosis, induced by the use of physostigmine 


salicylate, 2%, 


(b) Mydriasis, 


instilled in the conjunctiva 


produced with atropine sulfate, 


1%, used by the same route 
(c) Glaucomatous isofluoro 


agents, including 


phate, 10%, and a nitrogen mustard,t 0.5%, which 
were appli das ac 
The 


when the 
al its peak 


njunctival instillation of 0.05 ml 


eyes were removed for histological sections 


hypertensive effect of these drugs was 
RESULTS 
Gomoscopic findings in this experiment 


can be grouped in the following classes : 


I, Alterations in the configuration of the 
anterior chamber produced by mechanical 
agents. 

(a) Changes induced through the posterior 
chamber. 

1. By injection of air into the posterior 
chamber, we were able to produce occasion 
ally a total, but more frequently only a cir- 
cumseribed, iris bombe accompanied by clo- 
sure of the angle. ‘These changes were more 
easily induced when miosis was present, 

2. When saline was injected, only transi 
tory bulging of the iris was noticed in the 
area surrounding the point of the needle 
(lig. 1). This occurred independently of 
the pupillary size. When great pressure was 
applied, cloudiness of the cornea developed, 
which interfered with further observation. 

(b) Changes induced through iris surgery 

In eyes with complete and peripheral iri 
dectomies a slight widening of the aperture 
of the angle was present. This widening was 
more marked in the area surrounding the 
region of operation and was independent of 
the appearance of the surgical sear of the 
iris (Fig. 2). 

(c) Changes induced through the anterior 
chamber 


1. Injection of air into the anterior cham 
ber after withdrawal of the aqueous humor 
produced a depression of the peripheral third 

t Mechlorethamine hydrochloride, also known as 


methyl-bis(8-chloroethyl) amine hydrochloride, in 


vials containing 10 mg. of the drug in dry form 


triturated with 90 mg. of anhydrous sodium chloride 


amiree 


rabbit's chamber 


View of 
substitution of the aqueous humor by ai 


Fig 3 
alter 


anterior 


of the iris, which became markedly concave 
anteriorly (this area is convex in the normal 
eye). The angle was widely open, and the 
central two-thirds of the iris was pressed 
against the anterior surface of the lens and 
had a convex appearance (Fig. 3). This 
effect could be obtained only when the intra 
ocular tension after the injection of air was 
well above normal. Similar results have been 
reported by Hughes and Cole.’ 


2. No gonioscopic observations could be 


made with injection of fluid because rapid 
clouding of the cornea occurred when the 


pressure was increased Friedenwald and 


Pierce '* were unable to note any change in 
the depth of the anterior chamber during 
intracameral saline injections. 

Il. Modifications produced by pharma 
cological agents. 

(a) With mydriatic and miotic drugs, 
changes in the aperture of the angle are diffi 
cult to induce. Alterations were observed 
only in cases of maximal dilatation or con 
traction. The former produces slight narrow 
ing, and the latter widening, of the angle 

(b) With nitrogen mustard and isofluoro 
phate, one could not observe physio 
logical iris bombeé with closure of the angle, 
owing to partial pupillary block. In general, 
with isofluorophate the width of the angle 
visualized the 


(observations with nitro 


appeared proportional — to 
degree of miosis 
gen mustard were less satisfactory because of 
the development of cloudiness. This drug 
causes a marked congestion of the superfi 
cial vessels of the iris, which counterbalances 


the angular widening produced by the miosis 
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Measurements of the angle in histological 


sections gave widely variable results, due to 


& the difference in size of the eyes examined 
| 4 and the distortion produced by the process 
of sectioning Notwithstanding this, the 
| ‘ following qualitative observations could be 

} = made: In no case after the use of isofluoro 


phate and nitrogen mustard was actual con 


tact observed between the iris root and the 


cornea 


EFFECT OF PERIPHERAL AND COMPLET! 


IRIDECTOMIES IN EXPERIMENTAI 


GLAUCOMA 


Basal iridectomy as a therapeutic pro 


cedure for the control of pressure in glau 


coma was introduced by von Graefe '’ in 1857 


hig. 4.—Photographs illustrating the average 
type of peripheral and complete iridectomies 
periormed in the rabbit eyes 


(c) In eyes operated on the modifications 
of the angle previously described were not 


significantly altered by the drugs employed. 

‘ Fig. 6.—Observation tube with two-way stop 
cock and bent needle. 
Vig. 5.—General view of phlebomanometer 
1, observation system: B, scale of manome ter; 


C, control knob of compensatory mechanism 


Fig. 7.—Position of needle after insertion 
into the anterior chamber 


and at present is the surgical intervention of 


choice in acute cases, 

The establishment of a communcation be 
tween the anterior and the posterior chamber 
by a small opening in the iris (peripheral 
iridotomy or iridectomy) was suggested by 


Curran § in 1920 as a measure for normaliz 
ing the tension in glaucomatous eyes. The 
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EXPERIMENTAL GLAUCOMA 
indiscriminate use of this operation led early 
observers to believe that it produces only a 
temporary relief,** but in recent years it has 
been strongly advocated for the interval or 
preglaucomatous phase of narrow-angle glau 
coma.~* 

The purpose of the present section is to 
determine the effect of these two types of 
operations in experimental glaucoma induced 


by a nitrogen mustard and isofluorophate 


Metuop 


Ihe intraocular pressure was measured in 255 


rabbit eves, which were divided into three groups 


100 normal eyes, 75 eyes with peripheral iridectomy, 
and 75 eyes with complet 


iridectomy. The animals 


70 
NORMAL EYES 
with 
PERIPHERAL IRIDECTOMY 


No 
medication 


INTRAOCULAR PRESSURE 
(mm. of 


5S 20 2 3% 3 4 4 50 
TIME (MINUTES) 


hig. 
and eyes with peripheral iridectomy 


graph (1) Shaded 
region of the 


Intraocular pressure of normal eyes 


Lower area 
difference 
level 1%. (2) 
difference 


represents 
confidence between 
Dark-line 
means ol 
the two curves in the upper portion of the graph; 
values falling shaded 
significant 


means; significance 


curve represents between 


within area are not 


had a weight varying between 3 and 6 Ib. and were 


iitraperi 


anesthetized with thiopental sodium (0.2 ml 


which was afterward supplemented by 


toneal injections of 0 5 to 1.5 ml. Profound narcosis 
was avoided because it suppressed the hypertensive 


ocular effect produced by nitrogen mustard 
Operations were performed under the usual sterile 

conditions. The 

for the 


ab externo technique was followed 


complete iridectomy. In the peripheral 
iridectomies special attention was given to the estab 
lishment of a definite communication between the 


(hig. 4). Be 


tween 10 and 14 days were allowed to elapse betore 


anterior and the posterior chamber 


the intraocular pressure was measured in the opera- 


tive eyes 


NORMAL EYES 
EVES wilh 
COMPLETE IRIDECTOMY 


No 
medication 


INTRAOCULAR PRESSURE 


5S 20 25 30 3% 40 45 50 
TIME (MINUTES) 


hig. 9.— Intraocular 
and eyes with complete 


pressure of normal eyes 
iridectomy 
graph: (1) Shaded area 
region of the difference 
significance level 1% (2) Dark-line 
represents difference between means of 
the two curves in the upper portion of the graph; 
values falling within shaded area are not sigmit 
cant 


Lower 
confidence 


represents 
between 

curve 


The drugs employed were a nitrogen mustard 


and isofluorophate. The former was prepared 


shortly before use and applied as 


instillation of 0.05 ml 


a conjpune tival 


of 0.5% aqueous solution in 


isotonic saline. was used m a 


concentration of 10% in anhydrous peanut oil and 
the same amount instilled into the conjunctival cul 
de-sac. Both agents were given 15 minutes atter 
so that the 


pressure could settle to a reasonably constant level 


the insertion of the needle into the eye 


to be used as a base line. Then readings were made 


Nitrogen 
mustard 


of #,0) 


rer 

NOMMAL EYES 
wilh 
PERIPHERAL TOMY 


INTRAOCULAR PRESSURE 


0+ 5 20 25 3 35 40 45 
TIME ( MINUTES) 


big. 10 
intraocular 


of nitrogen mustard on the 
pressure of eyes not 
and eyes with peripheral iridectomy 
graph: (1) Shaded area 

region of the difference 
level 1%. (2) Dark-line 
difference between means ot 
the two curves in the upper portion of the graph; 
values falling within shaded area are not signif 
cant 


operated ot 


Lower represent 
confidence between 
means; significance 


curve represents 
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every five minutes for as long as the animal re 
these 


substances was given to groups of 25 normal and 


mained calm under anesthesia. Each one of 


25 eyes operated on, and controls were observed 
that The 


summarized in the 


received no medication distribution of 


the experimental material is 


table 
Distribution of Experimental Material 


Un- Nitrogen 
treated Mustard 
2 


26 2% 


Isofluoro- 
phate 


yer 


With basal irideetomy 25 2 


The 
metrically with a “phlebomanometer” (Fig. 5). The 


intraocular pressure was measured mano 


apparatus is a compensatory type of manometer and 


consists of three parts: an observation system with 


Nitrogen 
mustard 


NORMAL EYES 
with 
COMPLETE TOMY 


NTRAOCULAR PRESSURE 


TIME (MINUTES) 
Fig. 11 


Iffect of nitrogen mustard on the 
pressure of eyes not operated on 
and eyes with complete iridectomy. 
Lower graph: (1) Shaded area 

confidence region of the difference 
means; significance level 1%. (2) Dark-line 
curve represents difference between means of 
the two curves in the upper portion of the graph; 
values talling above shaded area are significant 


represents 
between 


a needle to be inserted into the eye; a manometer 


to register the pressure, and, between the two, a 


compensatory mechanism that balances the inflow 


and outflow of fluids 


tefore insertion of the needle the observation 
system is filled with an anticoagulant; in our case 
heparin ||} was employed, The observation tube has 
a capillarity of 20 mm., which is compensated for 
by having the meniscus of the anticoagulant ap 
proximately 2 em. vertically above the point where 
For this 
order to obtain a simpler manipulation, we used a 


the needle is inserted. purpose, and in 


|| Heparin sodium, 1000 U. S. P. units per milli- 
liter in istonic sodium chloride solution, 


492 


A. ARCHIVES OF OPHTHALMOLOGY 


«NORMAL EYES | 
EYES wiTh 
MERAL IRIDECTOMY 


INTRAOCULAR PRESSURE 


5-545 10 20 30 45 55 €0 
TIME ( MINUTES) 


Fig. 12.—Effect of isofluorophate (DFP) on 
the intraocular pressure of eyes not operated on 
and eyes with peripheral iridectomy 

Lower graph: (1) Shaded area represents 
confidence region of the difference between me 
dians; significance level 1%. (2) When this 
shaded area is entirely above the © line, the 
difference between medians is significant. 


26-gauge needle bent twice The distal 


vertex oft 


(Fig. 6) 
horizontal portion was inserted into the 


the cornea and remained in the anterior chamber 


without touching the iris. Between the needle and 


the observation tube a two-way stopcock was 


inserted. When the needle is thrust in the anterior 
chamber, this valve is closed to minimize any sud 
den pressure disturbance. A few minutes later it is 
opened, and communication between the needle and 
the observation tube is established (Fig. 7). 

The manometer itself is of a water type and has 
a graduated scale attached that 


permits readings 


n millimeters of water 


wey 
«NORMAL EYES 


EYES wilh 
COMPLETE RIDECTOMY 


INTRAOCULAR PRESSURE 
(mm. of H,0 ) 


10 5 -0+5 © 20 25 30 35 40 45 50 55 60 
TIME (MINUTES ) 
Fig. 13.—Effect of isofluorophate on the intra 


ocular pressure ot eyes not ope rated on and eyes 
with complete iridectomy 


graph: (1) Shaded area represents 
region of the difference between me 
significance level 1%. (2) When this 
entirely above the 0 line, the 
difference between medians is significant. 


Lower 
confidence 
dianis ; 


shaded area is 


- 
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4 
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EXPERIMENTAL 


GLAUCOMA 
The compensatory system consists of a pressure 
bulb operated by a knob and a three-way valve that 
permits communication of the three essential parts 
of the instrument with one another 

While the pressure was being recorded, constant 


and careful observation of the animal and_ the 
machine was kept, to account for the variations in 
pressure produced by the various biological activi- 
ties (e.g 


Che 


statistically, using a significance level of 1% 


, respiration) not suppressed by narcosis 


results of the experiments were analyzed 


In two 


groups, untreated eyes and those that received 


nitrogen mustard, the ratio tf was used to study the 
of the difference 
8, 9, 10, and 11) 


phate a nonparametric test for the difference in lo 


significance between means 


In the group receiving isofluoro 


cation between medians was employed (Figs. 12 and 
13). This last 


group because of the diversity of the readings that 


second method was applied to the 


made the ¢ test inapplicable 


RESULTS 


In the untreated group, the normal eyes 
had average readings varying between 268 
and 247 mm. of H,O (20 to 18 mm, of Hg). 
This averaged slightly higher than the pres 
sure curves obtained from eyes operated on, 
but the difference was not statistically signi 
ficant (Fig. 8 and 9). Von Hippel and 
Grunhagen “* observed the intraocular pres- 
sure after complete iridectomy and noted a 
postoperative fall in the few animals studied. 

Nitrogen mustard in the control group 
produced a maximal elevation to 668 mm, 
of H.O (49 mm. of Ig), which was reached 
approximately 25 minutes after the conjunc 
tival instillation of the drug. The hyperten- 
sive process lasted about one to one and a 
half hours. Figures 10 and 11 illustrate that 
the maximal readings in the eyes with peri 
100 
Hig), and with complete iri- 


11.0) (12 mm. Hyp), 


pheral iridectomy were around min 
H.O (7 mm 
dectomy about 160 mm. 
less than those in the control group, and the 
three curves were similar in their general 
configuration. This difference was signifi 
cant for the eyes with complete iridectomy, 
but not for the eyes with the peripheral type 
of operation 

With isofluorophate the eyes 


not oper 


ated on reached an upper level of pressure 


values 10 minutes following administration, 
This level was maintained at 400 to 500 mm. 
of HeO (29 to 37 mm. Hg) and was normal 
when measured after 24 hours. In eyes sub 
jected to surgery, isofluorophate produced 
only a moderate elevation ol pressure, 
with rapid return to lower levels (Figs. 12 
and 13). 
cantly 
group. 

As can be seen, the hypertension produced 


The values obtained were signifi 


different from those in the control 


by isofluorophate is less precipitous, but 
more sustained, than the one due to mitrogen 
mustard. The surgical procedures did not 
reduce the clinical and histological signs of 
congestion associated with the administra 
tion of the drugs. 

It is also interesting to note that with both 
substances the peak in the pressure readings 
coincided with the development of maximal 
miosis, This had been noted previously by 
Davson and associates | and by von Sall- 
mann and Dillon.* 


COMMENT 


In these experiments, seclusion of the pupil 
could not be produced, Visible angle closure 
did not occur with any of the drugs em 
ployed. It is apparent that seclusion of the 
pupil and angle closure did not oceur during 
the hypertensive phase of nitrogen mustard 
or isofluorophate actions. Irideetomy di 
minished the hypertensive reaction to the 
drugs. Thus, the antiglaucomatous effect of 
the iridectomy in these experiments is not 
due to correction of iris bombé, for it did not 
exist in these experiments. Since iridectomy 
in rabbits has an antiglaucomatous effect un 
related to physiological seclusion of the pupil 
and iris bombé, it is possible that the anti 
ylaucomatous effect of iridectomy in humans 
may not depend exclusively on the relief of 


iris bombeé 


St'MMARY AND CONCLUSION 


Physiological seclusion of the pupil did 
not occur in rabbit eyes. 


Seclusion of rabbit pupil with angle clo 


sure could not be induced during the hyper- 
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tensive phase after topical use of nitrogen 


mustard or isofluorophate (DFP) instil 


lations 
Iridectomy diminished the hypertensive 


reaction to these drugs. 


Iridectomy appears, therefore, to possess 


some mechanism in addition to relief of iris 


hombé for lowering elevated intraocular 


pressure 


Dr. Harry Feilchenfeld assisted in the preparation 
of this manuscript 
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Stereopsis Disparity 


KENNETH N. OGLE, Ph.D., Rochester, Minn. 


Stereoscopic perception of depth between 
any two objects in space can be attributed 
only to the stimuli of the transverse (hori 
zontal) disparity between the images of those 
objects in the two 


eyes. Experiment has 


shown,* however, that for a given retinal 
region of the two eyes the disparities that 
give rise to the stereascopnc experience are 
limited to a definite range; for disparities 
outside that range there is no patent stere 
opsis. In the same way that we account tor 
the experimental fact of Panum’s areas ot 
fusion, we can also explain the range of dis 
parities for stereopsis by the extent of over 
lapping of particular arborizations of neurons 
in the terminal regions of the cortex which 
arise from disparate retinal elements of the 
two eves. This explanation would fit the con 
cept that stereopsis rests on a neuroanatomu 
and physiologic basis. 


We would expect these arborizations to 


overlap not only ina direction corresponding 
to the 


horizontal meridians of the retinas but 


also in a direction at right angles to these 
meridians ; that is, there would be a two-dire: 
tional overlap ( onsequently , the possible part 
played by vertical disparities between the 
images in the two eyes must also be invests 
gated 

There are reasons for believing that stereo 
scopic depth would not occur when relatively 
small vertical disparities are introduced be 
tween the images of similar objects in the 
held of 


fusional areas are 


view. In the first place, Panum’s 


thought to be smaller in 
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the vertical meridian than in the horizontal, 
for any given part of the binocular field, Near 
the fovea the vertical dimension would be ot 
the order of 6to 8 minutes of are. Thus, when 
the vertical disparity is such that the images 
in the two eyes are perceived double ver 
tically, one might not expect stereopsis on the 
basis of horizontal disparity to exist, or at 
least one might expect that it would be much 
less precise Indeed, Loy had reported that 
any vertical disparity introduced between the 
images resulted in complete loss of stereopsts 
Phe results of recently reported experiments * 
with separated half-images maieated that ver 
tical separations of simultaneously seen halt 
images sharply reduced stereoscopic acuity 
experiments using a falling bead as the test 
object under the same conditions, however, 
suggested that larger vertical disparities could 
exist, still permitting the experience of some 
kind of binocular depth perception 

In the early phases of the experiments to 
be described, therefore, it was somewhat of 
a surprise to find that relatively large vertical 
disparities between the images could be mitre 
duced without appreciably changing the stere 
acuity 


cys 


The experiments of Loth- 
ridge,” although difficult to interpret because 
of his particular instrumental arrangement, 
did suggest that vertical disparities of 19 min 
utes of are might be introduced without caus 
ing a failure of stereopsts 

Hering ® assumed that vertical disparity 
has no influence on binocular depth percep 
\t the same time, Helmholtz ' 


the opposite opinion that when a series of 


tion was ol 


vertical threads are set to appear im a tronto 
parallel] plane they do not actually lie in that 
plane because of the absence of vertical dis 
parities of details on the threads which would 
ordinarily exist with objects in normal sur 
Hillebrand,” 


repeated and amplitted Helmholtz’ exper 


roundings however, carefully 
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ments, from which he concluded that the lat 
ter’s results were due to empirical perspective 
factors, and that stereoscopic depth could not 
result from vertical disparities. This con 
clusion has been the one generally accepted 
to this day. Contributing evidence is to be 
found also in the data obtained from the three 
rod test when these rods are inclined in a 
frontoparallel plane at various angles ( Heine,” 
Monjé,’’ Walker,'' and others). It can be 
shown from those experiments that stereo- 
scopic acuity 1s proportional to the cosine of 
the angle of inclination,? and therefore is due 
only to the transverse disparities, 

\Ithough vertical disparities introduced 
hetween the images of a particular point in 
space may not affect the stereoscopic depth of 
that point, it must be kept in mind that a gen 
eral change in vertical disparities of the im 
ages of many separated contours in the visual 
field, as in asymmetric convergence or by 
atocal meridional magnifying lenses placed 
hefore one eye at axis 180 degrees, does cause 
an apparent reorientation of all objects in the 
entire binocular visual field about a vertical 
axis at the point of fixation.'” In. studying 
this effect, the vertical disparities introduced 
by the magnifying lens may become so large 
as to cause doubling of the images of contours 
above and below the fixation point, and still 
the effect continues to operate. This ts evi 
dence that large vertical disparities do not 
inhibit the phenomenon, However, in the spe 
cihe problem to be considered here the in 
duced etfect is not involved, 

This paper describes the results of a study 
of the effect of vertical disparities on stereo 
scopic depth perception, under controlled 
stimulus conditions, Obviously, only a point 
light source can be used as the test object if 
the basic phenomena are to be studied. In 
these experiments the stereoscopic acuity was 
determined by the constant-stimulus psycho 

The experiments of Weinhold,'* Kothe,'® and 
Depene,'* in which no depth effect was found for a 
vertical disparity introduced between the images of 
the center of three horizontal lines, provide poor 
contributing evidence, since disparities of this kind 
at the fixation point would not exist in ordinary 
surroundings 
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metric method, with the point light test object 
exposed for only 0.2 second. The change in 
that acuity was then determined for increas- 
ing steps of vertical disparity introduced be 
tween the images in the two eyes until finally 
stereopsis was lost. The effect was studied for 
different retinal locations and with respect to 
different transversely disparate images cor 
responding to a reference line placed in front 
of, or behind, the plane of the fixation point. 
The data show that when vertical disparities 
are introduced, stereoscopic acuity 1s only 
gradually reduced; and stereopsis persists 
even when the vertical disparities are so large 
that the test object is seen double vertically 


Fig.1.—Sketch of the apparatus used to study the 
effect of vertical disparity on stereoscopic depth 
perception 


INSTRUMENTATION 


The basic instrument was the same as that used 
in other stereoscopic vision studies previously re 
ported.'” Figure 1 shows schematically the instru 
ment as set up for the present experiments 

Phe subject’s head is held in position by a tour 
button headrest and a wax bite (a chin cup was 
used by one subject). The subject fixates a small, 
brightly illuminated spot on a sheet of plate glass 
50 cm. from the eyes in symmetrical convergence 
and he also sees the point light source, which in 
this study is the test object, by reflection from two 
special mirrors (50% transmission—-50% refles 
tion). This point source was obtained from a small 
hole (0.05 mm.) in a piece of lead foil attached 
before the window of a suitable small lamp housing 


The lamp was so adjusted that the light trom the 
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pinhole The 
lamp housing was mounted on an arm (not shown) 
that could be 


seen by each eye was equally bright 


turned about a vertical axis at a point 
corresponding to the image of the center of the 


Vieth-Muller The 
the images of the point light source could thus be 


circle stereoscopic depth from 
studied at any peripheral visual angle by the ap 
propriate setting of the position of this arm 

When the two mirrors are turned about vertical 
axes through appropriately small angles in direc 
levers, 


knob), a 


between the 


tions opposite each other (by means of 


a suitable 


screw arrangement, and a 


transverse disparity is introduced 
images of the test point light seen by the two eyes, 
depth of the test 


The mechanical arrangement that 


and accordingly the stereoscopic 
point is changed 
turns the mirrors is such that the image of the test 
light source seen by each eye ts equally but oppo 
sitely displaced (the 
lateral 


geometric 


disparity) about a 
Vieth-Muller 
disparity 


transverse 
given 
The 
images is zero when the test light is at that posi 
tion. A 


the mirrors have been turned 


position on the circle 


transverse between the 


dial indicator shows the degree to which 


and this is calibrated 
to read in minutes of are the angular disparity be 


tween the images in the two eyes. An estimated 


one-fifth of a scale division corresponds to a dis 


parity ot 6 seconds of are 

This 
range of transverse disparities between the images 
of the 


instrument design makes possible a wide 


test source. Within this range, as the stereo 


scopic depth changes, the images retain their same 
that 


Empirical clues for change in 


brightness, their same angular size and clarity 
is, they do not blur 
depth localization of the test images are thus virtu 
ally eliminated. This instrument, in contrast to the 


usual haploscope, uses the same test object, and 


thus avoids a certain artificiality 


In order, now, to introduce vertical disparities of 


given amounts between the images of the two eyes 


from the test point light source, an afocal lens 


(about 2.5% effective magnification) is interposed 


in the path of the light from the source to the left 


eye only, This lens is so mounted that it can be 


tilted about a horizontal axis (Fig. 1) through any 


desired angle. Such a lens when so tilted causes a 


vertical deviation of the image seen through it, 


without at the same time introducing the chromatic 


fringe that occurs with the use of prisms. The ver 


tical angular deviation of the image will be of the 


order of 2.5% the angle of tilt, and thus dispari 


ties of the images of the two eyes up to about 35 


minutes of arc were obtained. A calibration of the 


angular vertical deviation of the image of the point 


light source seen through the lens corresponding to 


given angles of tilt of the afocal lens was deter 


mined by using a telescope and a vertical millimeter 


scale placed at the fixation pomt 


DISPARIT) 


When the 


scopic depth for images of the test point was to be 


effect of vertical disparity on stereo 


studied with a given transverse disparity, the ap 
parent distance of the test point was judged relative 
binocular 
This 


reference object, an illuminated thin vertical needle, 


to a reference object introduced into the 


field nearer or farther than the fixation point 
fixed (50% 
(Fig. 1) 
The needle reference object was mounted on a suit 
able 


ot a 


was seen by reflection from a large 


transmission——50% reflection) mirror 


arm that could also be turned about the image 
point 
Vieth-Muller 


arm the object could then be placed at any eccentric 


corresponding to the center of the 


circle ty suitable rotation of the 


position; thus, any peripheral retinal location, The 


reference needle (line) could also be moved along 


the arm, thereby changing its distance from. the 


eyes 


By means of suitably placed apertures and 


screens the binocular visual field was restricted to 
the fixation point, to the images of the reference line 
(when used), and to the images of the test 
all of 
illuminated, 


The 


was cut 


light source, which were seen against a uni 


(15 white 
which the 


was illuminated to the 


tormly distant meters ) 


background white sereen through 


slit aperture same 


brightness as that of the background. The experi 


ments were otherwise conducted in a dimly lighted 


room. Empirical factors leading to spatial local 


ization were thus reduced to a minimum 


The test point light source (and the reterence 


line when used) were exposed simultaneously for 


only 0.2 second through the entire study, This dura 


tion of exposure, which was controlled by an x-ray 


timer, was short enough to eliminate any marked 


influence ol involuntary eye movements and = of 


fusional movements. It was long enough to be above 


the threshold for normal stereoscopic acuity. The 


test light (and reference line when used) were ex 
posed by a suitable push-button contact-switeh con 


trolled by the operator 


PROCEDURE 


was adjusted to the instru 
reflected 


Phe subject's head 


ment, and the lateral positions of the 


images of the point light source were adjusted for 
and vertical angle relative to 


the fixation point. The tilt of the 


a given lateral angle 
afocal lens was 


set for a desired vertical disparity hetween the 


images of the test light point seen by the two eye 


A constant-stimulus method had to be used to 


determine the stereoscopic acuity. By trial and 


error the experimente! determined the range of 


transverse disparities between the images of the 


light 
ported (by a hand signal ) that the pom*t when ex 


point sources within which the subject re 


than the 


ided into 
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“farther” or “nearer’ 


This 


po ed 


appeared 


fixation point range was then di 


of exposures seen farther 


cent 


1 
nearer © 22 19 16 *farther 


Transverse disparity - min. of arc 
(arbitrary zero) 


hig. 2.—Typical set of data plotted on probit co 
ordinate paper. The abscissas represent the trans 
verse disparity introduced, and the ordinates 
represent the percentage ot exposures Riven 
disparity that resulted in the pomt test light being 
seen “larther” than the point of fixation 


ola 


five equal steps Fach step, corresponding to a par 
ticular transverse disparity, was presented 20 times 
ma random order, Thus, there was a total number 
of 100 judgments in each set. In each five successive 
presentations, however, each of the five steps 
be pre 


With each presentation 


ot 


transverse disparities of the range would 
sented in a random order 
(0.2 second) of the test point, the subject indicated 
had farther than 
the fixation point. In case of doubt he was forced to 


make 
The 
grou 


ot 


whether it appeared nearer or 


a Iston 


percentage of “farther” judgments in each 
vas computed from the tally of the 


“farther” 


number 


and “nearer” judgments made by the 


observer. A typical set of data is illustrated in hig 


the the 


ure 2. where vercentage of times the ¢ 


posure of each transverse disparity appeared 
ther ( the 


“tar 
the 


‘nearer’ ) is plotted on the ordinates of special co 


same could have been found for 


ordinate paper (probit coordinates) which trans 


forms a normal cumulative distribution curve into 


a straight line. The best-fitting straight line is de 


termined through the points plotted. By Inspection, 


but preferably by calculation, one can easily find 


the transverse disparity corresponding to the 50% 
Thi 


disparity 


point (Me. ) would represent the most probable 


tran the 


the 
point light when that point appeared to be the same 


as the 


verse hetween mages of 
distance 
More 


standard 


fixation pomt (Cor line ) 
the 
the 


statistic corresponds to one-half the 


reterence 
the 


range ot trans 


important ts determination 


ot 


deviation of distribution (¢) 
verse disparities, which includes about 68% of the 
the 50-50 


minutes of 


judgments about point. Sigma (¢) 1s 


expressed in arc transverse disparity 
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A. ARCHIVES OF OPHTHALMOLOGY 
This quantity was considered to be proportional to 
a threshold of stereoscopic perception, and its reci 
procal would therefore be a measure of the stereo 
scopic acuity. Thus, in Figure 2 the 

the 
Therefore the stereo 


would be 0.885 


50-50 point, 
Nw, 


tion, ¢, 


equals 19.8 minutes of ar standard devia 


1.13 minutes of arc 


scopic acuity, 1/¢, For the entire 
series of experiments, % and @ were obtained by 
calculation (probit analysis), rather than by graphic 
inspection, in order to eliminate personal errors of 
judgment 

This procedure was followed for each of a series 
of ine reasing steps of vertu al disparity, introduced 
by the appropriate tilting of the afocal lens, and 
Was continued until stereopsis failed and the judg 
too difficult 


ing vertical disparities beyond which no stereopsis 


ments became In this manner the limit 
existed could be approximately obtained 

Two observers took part in these rather long and 
The N ().) 


stereoscopn 


tedious experiments one (kK had 


considerable experience making 
judgments. He wore, in a metal spectacle frame, a 
+1.25 D The 


(¢ emmetropi 


ob 


(0.50 


sphere before each e other 


D hyperopic) that no spectacles were needed. Het 


ye 


server was sufficiently 


experience in such judgments was limited. and in 
the present study she was more or less unaware of 


the nature or purpose of the experiments. 


RESULTS 


I. Test Point Light Source Directly Abow 
lixation Point.—The effect of vertical dis 
parity on stereoscopu sensitivity was first 


studied when the test point light source was 


adjusted to be 4 degree directly above the 


fixation point. Typical results in which the 
point light was judged to appear nearer or 
farther the 


graphically in Figure 3. The quantities yse 


than fixation point are shown 


influence 
acuity 


results showing 


stereos opi 


Fig. 3.—-Summary of 
ot vertical disparities on 
depth validity tor the test light 
the fixation point. The stereoscopu depth Was 

“nearer” “farther” than the 


N. O.) 


and 
point ot degree 
above 

judged 


point (KK 


or fixation 


A 

; + +—-+¢ 
90 
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and 1/o are shown on the same graph. The 
vertical disparities introduced are plotted on 
the abscissa, to the right of the origin when 
the image seen by the left eye is lower, and to 
the left of the origin when it is higher, than 
the image seen by the right eye. The stereo 
scopic acuities are plotted on the ordinate axis 
at the left, and the data indicated by open 
circles. The disparity corresponding to the 
50% level of near and far judgments is 
plotted on the ordinate axis at the right, and 
the corresponding data are indicated by 
filled circles 

The single, outstanding aspect of these 
data is that a stereoscopic depth perception is 
maintained in spite of the introduction of rela 
tively large vertical disparities between the 
images of the test object in the two eyes. In 
this particular set of data the stereoscopic 


| 
| 


= 


| 


Fig. 4.—Summary of results influence 
of vertical disparities on acuity and 
depth validity for the test pomt of light ! 
above the fixation pomt 
judged “nearer” oft 
point (C. HL) 


showing 
stereoscopu 
ce 

The stereoscopn depth was 
‘farther” than the fixation 


acuity is approximately the same through 
out the possible range of vertical disparities 
The cessation of stereopsis occurred rather 
abruptly for vertical disparities larger than 
about 25 minutes of arc. The data show that 
the validity or consistency of the stereoscopi 
depth as shown by the 50% disparities ts also 
nearly constant over the range of vertical dis 
parities, though perhaps there may be a slight 
trend toward increased transverse disparities 
Phe small irregularities in the data must be 
attributed, at least in part, to the tact that the 
various sets of data had to be obtained over 
a period of days, with consequent possible 
change in the subject's subjective criterion of 
depth equality 


DISPARITY) 


There was some individual variation in the 
data obtained by the two subjects, as well as 
variation for the same subject. For example, 
Figure 4 shows data of C. H. for the same 
experimental conditions with the exception 
that a chin cup was used instead of a wax bite 
For this subject the stereoscopic acuity de 
creased steadily as the vertical disparity im 
creased. It can be shown that this decrease ts 
logarithmic 

One subject (K. N. O.) reported a verti 
cal doubling of the images fairly early in tie 
experiment as the vertical disparities were m 
creased, Since the vertical extent of Panum’'s 
areas of fusion when measured is not usually 
greater than about 10 minutes of are im the 
proximity of the fixation point, it ts cleat that 
this stereoscopic response persists Mm spite ot 
the images falling outside the fusional range 
that is, when the images are 


double. The 
(C, H.) reported doubling only as the limits 


of disparities, 


seen vertically other subject 


of the vertical disparity were approached 
toth subjects reported that when the test 
images were seen double, both images par 
or “farther” visual 


ticipated in the “nearer” 


depth experience—the two acting as a single 
stimulus configuration, It seemed, however, 
that if too much attention was paid to whether 
the images were double or not, difficulty in 
experiencing the stereoscopic depth often re 
sulted 

Subjectively the stereoscopic depth was 
perceived immediately after exposure of the 
test point light. Only when the judgments 
were difficult, for example, near the 50-50 
point disparity, or near the limiting vertical 
disparities, was there any hesitation o1 feel 


my lor a need ot contemplaty 


lransverse 


Il. of Disparity In 
the course of obtaining data in the exper 
ments described in the preceding section there 
was a possibility that, as the vertical dispar 
ties became large, a response of “nearer” of 


“farther” could have been learned on the 


stimulus instead 
If the 
stereoscopic depth of the test light poimt 4 


basis of a vermer or nonius 


of on the basis of stereoscopr depth 


judged relative to a relerence object lront 
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of (or behind) the plane of the fixation point, 
then this possibility is for the most part 


avowled. Then the images of the test light 
point would be transversely disparate. 

More important, however, than merely 
eliminating this factor is the determination of 
the limiting vertical disparity in the presence 
of a transverse disparity. If one were to ac- 
count for the limiting vertical disparities 
which were found by the extent to which the 
arborized terminal neurons overlap in the 
cortex, one might expect a decrease in the 
limiting vertical disparities in the presence of 
transverse disparities. 

\. The procedure was to set up a refernece 
object, the small illuminated needle, in front 
of (or behind) and % degree below, the fixa 
tion point. Such a reference line would then 
he seen in the median plane with horizontally 
(transversely) disparate images. This line 
and the point light test image above the fixa 
tion point were exposed simultaneously by 
the experimenter, The test light point was 
then judged by the subject to be nearer or 
farther than the reference line, while the eyes 
maintained convergence on the fixation point. 
Vertical disparities were then introduced rou- 
tinely as described in the preceding experi- 
ment 

With the reference line placed 1 em. in 
front of the plane of the fixation point (yo 

&.5 minutes of arc), the data for K. N. O. 
are shown in Figure 5. The coordinates have 
the same legends as in Figures 3 and 4. In- 


Fig Summary of results showme influence of 
vertical disparities on stereoscopic acuity and the 
depth validity for the test point of light 4% degree 
above the fixation point, but when that test was 
judged “nearer” or “farther” than a reference ob- 
ject Lem. in front of the fixation point (KK. N. O.). 
500 
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Fig. 6.—Results obtained by C. H. showing lim- 
iting vertical disparities and stereoscopic acuities 
for different transverse disparities between the 
images in the two eyes, corresponding to certain 
distances of the reference line placed in front of or 
behind the plane of the fixation point 


spection of the data shows that while the 
maximal stereoscopic acuity has been slightly 
reduced, as might be expected,’* the limiting 
vertical disparities beyond which stereopsis is 
abolished are little changed for these data 

Bb. When the test point light source was 
adjusted for a lateral angle but in the visual 
plane, it was found that transverse disparity 
did cause some reduction in the limiting ver 
tical disparities, beyond which stereopsis was 
not experienced, The data for Subject C. H 
for a peripheral angle of '2 degree are sum 
marized in Figure 6. The minutes of are of 
transverse disparity, corresponding to dis 
tances of the reference line behind (to the 
right) and in front (to the left) of the fixa- 
tion plane, are plotted on the abscissa. There 
are two sets of ordinates, one set correspond- 
ing to the maximal stereoscopic acuity and 
the other corresponding to the limiting verti 
cal disparities. Inspection shows that the 
stereoscopic acuities decrease rather rapidly 
toward the limits with increase of transverse 
disparity. For these data the limiting vertical 
disparities also decrease rapidly with trans- 
verse disparity, It must be remembered that 
these limits are not sharply defined, and yet 
under the experimental conditions the limit- 
ing values given are accurate within 5 min- 
utes of are. The data were of necessity ob 
tained on separate days, and this alone may 
result in considerable variation 

111. Change in the Limiting Vertical Dis- 


parities with Peripheral Angle.—Because the 
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[ypical results for two subjects showing change 


DISPARITY 


Disparity for 40% point 
j 16 | 
— om {7 & 
° 
[16 
cH 
acuity 
3 


in stereoscopic acuity and the 


validity of the stereoscopic depth caused by introduction of vertical disparities when the test point 


magnitude of Panum’s areas for fusion, the 
range ol transverse disparities for stereopsis, 
and the threshold of visual resolution increase 
(acuity decreases) toward the periphery of 
the binocular visual field, we might expect the 
same behavior with the limiting range of ver 
tical disparities within which stereopsis could 
be experienced, Data were obtained when the 
test point of light was placed in the meridian 
of the visual plane at a series of increasing 
lateral angles. At each angular position, the 
stereoscopic acuity for the complete range 
of vertical disparities and the limiting vertical 
disparities themselves were determined. 

rhe results for the two subjects were un 
like in some respects. In both, however, the 
curve for stereoscopic acuity versus vertical 
disparity was bell-shaped, and in some in 
stances sharply so. Figure 7 shows two sets 
of data selected for the 4-degree peripheral 
angle, The interesting aspect of these curves 
is that the disparity corresponding to the 50 
50 point increased rapidly for K. N. O. but 
remained constant for C. H. as the vertical 
disparity increased. In the first case the test 
light is seen increasingly nearer, necessitating 
increased crossed transverse disparity, This 
attributed to a decreased 
the 


behavior must be 


stereoscopic response and influence of 


some empirical factor associated with the 


brightness of the test light point on the con 


ception ot depth. 


light was at a peripheral angle of 4 degrees to the 


right of the fixation point 


Figure & summarizes results for one sub 
ject. It shows the change in stereoscopic 
acuity and the change in the limiting vertical 
disparities for increasing peripheral angles 
The peripheral angles at which the test light 
point is located are plotted on the abscissa, 
and the stereoscopic acuity is plotted on the 
ordinate at the left. The limiting vertical dis- 
parities are plotted on the ordinate seale at 
the right. 


Peripheral angle - degree 


subject N. OL) 
acuity, but, 
limiting ver 


Fig. for one 
showing change in the stereoscopi 
more importantly, the change in the 
tical disparity with peripheral angle 


The fall in stereoscopic acuity for this sub 
ject was expected. However, the definite fall 
in the limiting values for the vertical dis 
parity with peripheral angle was not expected 
The subject ( 
show a less marked decrease in the stereo 


results for however, 
scopic acuity with the peripheral angles up 
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to & are degrees, and, moreover, a nearly 
constant limiting value for vertical disparities 


was found. 

The important aspect of these results is not 
the variation between the two subjects but, 
rather, that the limiting vertical disparities 
do not increase with peripheral angle (and 
may actually decrease ). 


Data were also obtained when the point 


light source was adjusted to a lateral and 
vertical position in relation to the fixation 
point. Iessentially the same results as those 
presented above were obtained. Of special 
interest was the fact that the stereoscopic 
depth remained valid and consistent, as 
shown by the 50% disparities in spite of the 
vertical disparities introduced. Thus there 
was no evidence of the operation of the in 
duced effect, One might suspect (1) that the 
0.2-second exposure is too short for the in 
that the 


contours involved were too limited to initiate 


duced effect to operate, and (2) 
the effect strongly. 


COMMENT 


The experimental set-up described here 
provides the fundamental conditions for test 
ing the influence of vertical disparities on 
stereoscopic depth. A point light source was 
used as the test object, and as used no empiri 
cal clues to spatial localization occurred as its 
stereoscopic depth changed with transverse 
disparities. More complicated test objects 
(for example, that used by Lothridge °) ob 
scure the basic aspects of the problem. In 
spite of the vertical disparity between the 
images, and even when these images were 
seen double, the response to changed trans 
verse disparities must indeed have been a 
true stereoscopic depth response. Certainly 
the form sense was not involved, nor was 
retinal resolution direetly involved, except in 


that set a boundary 


visual acuity may con 
dition 

The unexpected aspect of the results ob 
tained is that relatively large vertical dis 
parities, even near the foveas, do not abolish 
stereoscopic depth, Leven when the vertical 
disparity is so great that the images are seen 
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double vertically, the two images act as a 
single configuration and a steroscopic depth 
is experienced. 

The only experimental results that may 
hear on the influence of vertical disparities 
were those found in the induced effect.’ In 
those experiments with a tilting board with 
restricted contours at equal distances above 
and below the fixation point, the induced 
effect (the apparent rotation and distortion 
of the entire binocular visual field about a 
vertical axis through the point of fixation, 
when the image of one eye is magnified in the 
vertical meridian only ) occurs even when the 
difference in magnification of the images is so 
large as to cause the mages of the separated 
contours to appear double. The magnitude ot 
the effect, however, is reduced. In those ex 
periments, for example, vertical disparities of 
20 minutes of are for a vertical visual angle 
of 5 are degrees gave rise to the maximal 
etfect 

The present experiments show also little 
deterioration in the validity of the stereo 
scopic depth as the vertical disparities are in 
creased 

In the normal use of our eyes in customary 
surroundings, only objects close at hand, and 
those above or below the visual plane, can 
give that 
parate. The images are vertically disparate 


rise to images are vertically dis 
because the distance from the point to one 
eye is farther than that from the point to the 
other eye, and hence the point subtends un 


The 
disparity angle (»,) is the difference in the 


equal angles to the two eyes. vertical 
two vertical visual angles subtended by the 
distance from the visual plane to the point. 
The only exception to this rule is when the 
points lie in the median plane; thus when 
the eyes are in symmetrical convergence, 
points directly above or below the fixation 
pot will have images in the two eyes which 
are not vertically disparate. In asymmetric 
convergence, however, the images of points 
above or below the fixation point are ver 
tically disparate. Similarly, lenses which 
magnify the image of one eye compared with 


that of the other in the vertical meridian will 
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likewise introduce vertical disparities between 
the images of all points in the binocular visual 
field except those in the visual plane, the dis 
parities increasing the greater the vertical 
visual angle subtended by the point. 

The vertical angular disparity described 
above is obviously a “geometric” disparity. 
The effective, or physiologic, vertical dis 
parity between the images of these points may 
be smaller or be greater than the geometric 
disparity, depending on other factors, such as 
the neuroanatomic asymmetries between the 
two retinas 

However, apart from neuroanatomic asym 
metries, an effective vertical disparity may 
normally be introduced (a) by a disjunctive 
cyclotorsion between the eyes, so that extra 
foveal points, even in the visual plane, will 
be vertically disparate, and (b) by a vertical 
fixation disparity. Then a constant vertical 
disparity (rarely greater than 6 to 8 minutes 
of arc) is added to all those vertical dispari 
ties which would already exist for all images 
binocular visual field 


should he 


parities between the images of the two eyes 


of points in the 


Thus it clear that vertical dis 
from objects close to the fixation point never 
occur in the normal use of the eyes, or are so 
small that they are below visual resolution 
Yet according to the data obtained in these 
experiments, stereoscopic depth is experi 
enced when large vertical disparities are in 
troduced between the images of objects near 
the fixation point. This is an important fact 
In our attempt to understand stereoscopic 
depth perception and its origin, The stereo 
scopic depth perception of points near the 
fixation pomt, when a vertical disparity is 
introduced, would not result from learning to 
interpret stimuli in the particular structures 
involved. Yet we must agree that neuro 
anatonuc structures must be present for such 
a 
had 
unusual manner 
gest 


stereoscopic vision. The alternative explana 


response, though such struc 


tures never before been utilized in this 


Phis conclusion would sug 


an innate character of the origin of 


tion would be that stereoscopu depth is the 


result of a generalized integrative process, 


DISPARITY) 


based on experience, and that the experience 
of depth readily follows a certain type of 
stimulus—in this case, a transverse disparity, 
even though the images may also be vertically 
disparate. The definite 


limits in the extent to which both transverse 


existence of fairly 
and vertical disparities may be introduced 
without abolishing stereoscopic depth cer 
tainly indicates the existence of limiting struc 
tures, and as such implies a neuroanatomic 
limitation and a neurophysiologie process for 


stereopsis 


Jased on the hypothesis that the range of 


disparities within which stereoscopic depth 


can be perceived lies in the reciprocal over 
lap of the arborization of terminal neurons in 
the cortex associated with disparate retinal 
elements in the 


our data would 


imply the following conclusions : 


two eves, 

1. The magnitude of the transverse meridi 
ans of the areas of overlapping for stereo 
than that for 
fusion (Panum’s areas). Moreover, the mag 


scopic perception is) greater 
nitude of the transverse dimensions of the 
stereoscopic areas increases more rapidly for 
images falling on the peripheral parts of the 
retinas than does the magnitude of those for 


fusional areas 


2. The magnitude of the dimensions of the 


overlapping for stereoscopic vision corre 
sponding to vertical meridians is much larger 
than that for 


fusion. However, the vertical 


dimensions of the stereoscopic areas are 
greatest near the fixation point, and may de 
crease tor images falling on the peripheral 
parts of the retinas in the meridian of the 


visual plane 

While the comparative results essentially 
deseribe the 
thetical 


relative dimensions of hypo 


neuroanatonin counterpart con 


cerned with fusion and stereoscopic depth 


suppyest that 


may not be associated with fusion per se, 


perception, and do stereopsis 


they do not constitute proof, Roelofs?” sug 
gested that most central impulses for eye 
from the 
should be 
considered as the physiologic correlative of 


Whereas 


movements, which would result 


stimuli of transverse disparity, 
had 
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optical localization Roelof 


A. 


mind innervations 


the for fixation move- 
ments, it is more probable that the disparity 
would lead to innervations for fusional move- 
ments, The fact that the half-images may be 
seen double and stereopsis still persists does 
not preclude the stimulus for fusional eye 
movements, take 
place because of attention to the point of 
fixation, 


movements which cannot 


SUMMARY 


An experimental arrangement is described 
which permits the determination of stereo 
scopic depth acuity and validity, using a point 
light source as test object, when vertical dis 
parities are introduced between the images 
of the light source seen by the two eyes. The 
results show that despite unexpectedly large 
vertical disparities (up to 25 minutes of arc) 
stereopsis still exists, and that the stereo 
scopic depth will be valid. This range exists 
even when the test point is near the fixation 
point. In general the limiting vertical dis 
parities beyond which stereopsis does not 
occur decrease with the transverse disparity 
and, with some individual variation, decrease 
as the test light is placed farther and farther 
from the fixation pomt in peripheral vision 
These results are discussed with special ref 
erence to the overlapping of neurons in the 
cortex and to the origin of stereopsis. 
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We have been treating retinoblastoma by 


radiation according to a method described by 
us first in 1936.' 


devised by Dr. Hayes | 


The technique, which was 


Martin, Memorial 
\lhied 


cludes the employment of special cones at a 


Center for Cancer and Diseases, in 


temporal and a nasal portal in an effort to 


deliver an adequate dose to the posterior 


sector of the eye, to the exclusion of the vul- 


nerable anterior sector 


Subsequent reports 


on the use of this technique were made in 
1942? 1945,* and 1949.4 


employed for patients with bilateral tumors 


The treatment 1s 


whose eve with the more advanced disease 


has been enucleated. The less involved eye 


has been treated when it was thought that 


useful vision might be salvaged if the tumor 


Since the institution of the 
treatment in 1936,' a total of 148 patients 


could be arrested 


[ristitute 
Department of Medicine of the Presbyterian Hos 


From the 


of Ophthalmology and the 


pital 


This work has been supported by donations from 
the Snyder Ophthalmic 


Foundation 


of Bilateral Retinoblastoma 
hy Radiation 


| Treatment 


No 

Surviving 79 

Died of the disease 44 
Doing well at last examination but lost to 

follow-up 19 
Not doing well at last examination but lost 

to follow-up 7 

Total 148 


Thriethylenemelamine 


Taste 2.—Results of Treatment of Retinoblastoma 
by Radiation 
No. of Years 
Eyes Follow-Up Vision 
18.. { Useful 
13 Limited 


None 


Useful 


0 3-5 Limited 
4 } | None 
0 ° | Useful 
> Limited 
None 
4.. { Useful 
4 104 Limited 
7 } | None 
Total 80 eyes (79 patients) 
Useful vision Iv (28 ) 
i” 
Limited vision | 


None 


have been treated, Forty-three patients have 
died of the disease, and 26 patients have been 
lost to follow-up (Table 1). The results of 
the treatment of the surviving and docu 
mented 79 patients (80 eyes) are shown in 


Table 2 


vision as 


It can be seen that useful or limited 
was obtamed in 
With this 


cataract has not been a problem ; 


defined by us 


36.2% of the eyes treatment 
so for the 
most part the irradiation apparently does 
avoid the lens 

The complication which has given us 
yreatest concern from the beginning has been 
late vitreous hemorrhage from retinal blood 
vessels presumably damaged by irradiation. 
These late hemorrhages have appeared many 
months to a year and a half after completion 
of the treatment and in many instances have 
marred what seemed to be satisfactory results 
with useful vision. For a number of years 
we tried to avoid this discouraging compli- 
cation by reducing the amount of radiation to 


the lowest point which would be lethal for the 
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6 | 
2 | 
| 


tumor. The dose was gradually reduced from 
8000 r/air to each of two ports, the amount 
4400 


which seemed to be adequate to arrest the 


originally advised, to r/air to each, 
growth, but late vitreous hemorrhages con 
tinued to occur occasionally. We were ques 
tioning whether or not our x-ray dose could 
be reduced even lower when, through the 


\lan Woods, we 


tient with advanced disease that had shown 


courtesy of Dr Saw a pa 


a remarkable regression with the use of 
radiation in combination with nitrogen mus 
tard therapy. This was reported by Dr. Carl 


Kuper 


rachomumetic 


Combining x-ray treatment with a 
drug seemed to offer a good 
opportunity to reduce considerably our x-ray 
\iter 

Department of the 


dose consultation with the Radio 


therapy Presbyterian 


Hospital, we decided to use triethylene 
melamime (TIM) because its oral adminis 
tration, in contrast to the intravenous ad 
ministration of nitrogen mustard, is a distinet 
advantage for small children. Furthermore, 
the experimental work of Gillette and Boden- 
stein © added support to our premise. They 
exposed amphibian embryos to a close ally 


of TEM, namely methyl-bis (8-chloroethy! ) 


amine (MBA), and found that the drug 


has a specific effect on the proliferating 
retinal cells. In Figure 1, > and b’ show the 
selective action on the growing retinal cells 
1 and 3 days after exposure, and d and d’, 
5 and 15 days after exposure. It can be seen 
that the drug has a great specificity for the 
retinal cells, largely to the exclusion of the 
The 
striking progressive degeneration and necro- 
sis from the Ist to the 15th day. The authors 
concluded that the drug had no effect upon 


other tissues retinal elements show a 


cells already on their way to differentiation, 
proliterating cells had their mitotic 


mustard 


while 
activity abolished and then degenerated 
that 
group would be more effective in the usual 


would indicate the nitrogen 
retinoblastoma composed of undifferentiated 
retinoblasts than in the rarer neuroepitheli 
omatous type of retinoblastoma (rosette 
formation), composed mostly of more differ 
one ol 


entiated cells. This is borne out in 


our patients (big. 4) 
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Therefore, in January, 1953, we started 
to treat all 


blastoma by the 


suitable patients with retino- 


combination of radiation. 
and TIM. Most patients treated were in 

stances in which the eye with the more 
advanced tumor was enucleated and the eve 
with the less advanced lesion was treated 
The criterion always was whether or not 
useful vision could be retained if the tumor 
were arrested, If not, then, of course, enucle 
ation is preterable. \We have in our series four 
patients in whom both eyes have been treated. 
These tumors were detected sufficiently early 
for this treatment, rather than enucleation, 
for the following reasons: 1, The mother was 
a survival from retinoblastoma. She had one 
sibling with bilateral disease; so the patient 
we treated was examined routinely in infancy 
and relatively early lesions were found in 
each eye. 2. The mother was a survival from 
retinoblastoma, and the pediatrician there 
fore examined the child’s eyes for tumor and 
found relatively early lesions in both eyes. 
3. The mother detected in her child a white 
the 


located at the posterior pole around the optic 


reflex in one eye, where tumor was 
nerve. 4. The patient was examined because 
a sibling had retinoblastoma, and relatively 
early lesions were found in each eye. 

In the past 21 months we have treated 
34 eyes with radiation and ThM according 
to the method described here. Nineteen of 
these eyes have shown satisfactory regres 
sion (big. 2). In addition, we have treated 
eight eyes in which the lesions showed a 
good response in the beginning but after a 
period of time, ranging from six to eight 
months following the completion of the treat 
ment, the tumors manifested active growth 
(Fig. 3). Additional therapy to these eight 
eves was instituted, and in three instances 
the lesion has regressed satisfactorily 

There were some extenuating circum- 
stances connected with the therapy of four 
of these eight eyes mentioned above. 1. Two 
eyes (a bilateral case) were treated with 
TEM for six weeks before x-ray therapy 
was started. The radiation to each eye was 


given through only one port—the temporal 


one. 2, One eye was treated through only 


ALAM A> 
: 
4 
7 
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Fig. 1.—EFEffect of nitrogen mustard compound (methyl bis[B-chloroethy!] 
on the growing retinal cells of a salamander embryo 


a and a’ are the control eyes one and three days after exposure 
b and / are the exposed eyes one and three days after exposure 
ec and ¢’ are the control eyes 5 and 15 days after expr 


d and d' are the expo ed eyes 5 and 1s day alter exp 


The retinal clement show a striking progre ive «le vi ition and necrosi 


to the fifteenth day 


Reproduced from Gillette, and Bodenstein 


by the Wistar Institute of Anatomy and Biology 


amime;, MBA) 


trom the first 


1946, published 


|): Zool. 103:1-32, 
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big. 2B 
Right Eye 
Fig. 2—Appearance of some successfully treated eyes to date before and after 
Aa, the lesions before treatment 
a’, 


treatment 
the lesion one year eight months after treatment 
B, a bilateral case 


Right eve 


b, two lesions in the right fundus before treatment 


Left eye 
c, the 


the 
Cd, three 


the same lesions one year seven months after treatment, 


lesion in the 


lett eve before 
same lesion one 


before 


treatment 
seven months after 
treatment 
d', the same lesions six months alter treatment 
De, 


yeat treatment. 
lesions 

one large lesion, a ditfuse 
implantations on the 


retinal surtace 


mvolvement im the periphery above, and several daughter 
e’, the same lesion five months after treatment 


$ 

‘ AM AKU 

\ 

a big. 24 a’ 
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/ 
ig. 2B 
Leit Kye c’ 
4 
d big. 2¢ d' 
~ 
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a big. 34 a’ 

3 | 

3 b Fig. 3B b' 

a big. 4 b 
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Fig. 3.—Appearance of the eyes in two cases which have shown active growth after the completion of 
the first course of treatment. These have been given turther treatment, and to date the regression has been 
satistactory 


Aa, one large lesion which covers the disc before treatment 
tachment of the retina 


There was what seemed to be a flat de 


the same lesion six months after completion of treatment. The retina appears reattached 
, multiple lesions before treatment. 
, the 


Fig. 4.—An eye in which the differentiated area of the tumor (neuroepitheliomatous portion with ro 
sette formation) was relatively unaffected by therapy. In this patient an enucleation of the eye with the 
more advanced lesion was done. 


h" same four months after treatment. 


The parents were advised that the other eye should also be enucleated because of advanced disease, but 
they elected to let the tumor take its course. After two weeks they noted a marked reduction in vision of 
the remaining eye, due to tumor growth. There was a complete detachment of the retina with extensive 
tumor involvement. As the parents desired any treatment short of enucleation, TIM was given from Jan 
29 to March 30, 1953, and during this period there was marked regression. This was estimated at about 
80%. X-ray treatments were then started on March 30 and completed April 27, 1953, and the TEM was 
continued. The regression was so marked that on Oct. 5, 1953, we have a note to the effect that the patient 
could throw and recover a ball, could play with toys, and picked up food from the table and tray, as well as 
leaves from the lawn. On Nov. 23, 1953, we noted an increase in the size of the residual tumor and more 
radiation was given. On Feb, 15, 1954, because any useful vision seemed to be precluded, the parents con 
sented to enucleation, and this was carried out 

(a) Appearance before treatment was started. There is a complete detachment of the retina. The por 
tion above appears solid 

(b) Appearance on Dec, 28, 1953 


Fig. 4—(c) The enucleated eye. 
elsewhere the tumor appears necrotic. 
(d) 


The area encircled was relatively unaffected by the treatment, while 


High-power view of the encircled area to show differentiation in the form of rosettes 


and this was 
directed too much posteriorly. 3. One eye 


one port—the temporal one The status of the remaining 12 


the total 34 is as follows: 


eyes of 
received curtailed treatment because the pa- (a) Three eyes + had additional treatment, 
tient was exposed to poliomyelitis. and the lesion has shown no further regres- 

Therefore, out of the 34, there are 22 eyes * 
in which we feel that the tumors are arrested 


sion. 


and that the eyes have good vision. 


* This made as of Sept. 15, 1954 
During the six additional months of follow-up (as 
of March 15, 1955) with 


under chloroform anesthesia, 


report was 
regular examinations 


there has been 


growth of the tumor in any of the 22 eyes. 


no 


+ In these eyes the tumor was not controlled, and 
\ fea- 


ture in common to these eyes was tumor seeds float- 


enucleation has vither been done or advised 


ing in the vitreous. This seems to occur only when 
the tumors are large and extensive. It seems prob 
that the effect of the TEM 


these seeds in the avascular and inert vitreous 


able does not reach 
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Fig. 5.—Sections of recurrent tumor in the orbit and a lesion in the fellow eye eight months after 
treatment by radiation and TEM 

(a) Necrotic tumor in the muscle funnel of the left orbit behind the round, empty fibrous capsule 
which surrounded the implant 


(a’) High-power magnification of the above. The tumor cells have lost their staining qualities and do 
not appear viable, 


i ; 

7 

1 

a’ 
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(b) Two eves have not had the addi 


tional treatment completed 


(c) Three eves were considered unsatis 


factory tor treatment 


1. One had radiation (6000 r/air to each of two 


ports) elsewhere, and when we saw the patient 
there 
the 
the status of the 
rEM 
able 


he enucleated 


was a cataract which prevented a view 


ot fundus. We had no idea, theretore, ot 


growth. We gave the patient 
Intract 


to 


and no more x-ray treatments 


glaucoma developed, and the eye had 


One eye received x-ray treatment (5200 r/tu 


mor dose) elsewhere, and when we examined 


the patient the vitreous was cloudy with hem 


so that we could not get a view ol the 
We gave TEM alone in the hope that 


orrhage 


fundus 


les 


orbit 


The patient die 
completion ot 
Lhe tumor 
section through the 


nin the right eye 
eight month 
obtamed 


ew ol 


(hh) The 
in the lett 
collapsed globe 

(b') High-power 


alter 


at autopsy 


absorbed would 


When 


permit 


the hemorrhage 
ted 


sufficiently 


when 
find 


le ared 


we 
the 
to 


tumor 
to 
the 


vitreous 
the 


an arre 


us see 


fundus, we tound entire retina involved 


with tumor, which also filled part of the vitre 
As be 


even though the tumor were arrested, we 


ous cavity no vision would possible, 


ad 
vised enucleation 


One eye showed an extensive growth, with 


complete detachment of the retina, and enuclea 
tion was advised, but as the parents refused it 
(Fig. 4), treatment 


Was 


(d) Two eyes were treated and although 
the lesions responded most satisfactorily, the 


patients died of metastasis. 


TRIETHYLENEMEI 


| 


le 


1. The eye with an advanced tumor was enucle 
Ihe 
TEM, and the 


died ot 


ated icllow eye was treated by radiation 


and tumor regressed. The pa 


tient metastasis after only two weeks 


of treatment. At autopsy, tumor extension trom 


the anophthalmic orbit was found in the sub 


dural space and brain 
The 
what we considered an arrested state tor eight 
died 
of the tumor from anophthalmic orbit (Fig. 5), 


ve that was treated showed the lesion in 


months before the patient of extenston 


(e) Two eyes in which the tumor ts out 


of control and the prognosis is poor, 


The accepted amount of time has not 


elapsed since the completion of treatment to 


from the 
through 

calouum 

and 


of mtracranial ¢ 
treatment hie 

reduced almost 
ton te the 


xtension 
section 4 
olid 
calouum 


tumor 
in 


recurrent 


the lesion a 


to 


how necrothe 


) 


justify the claim of cures in the 22 eyes cited 


above There have been two to two plus 


years since the completion of the x-ray 


treatment in nine eyes; one and one-half to 


two years since completion ol treatment in 


four eyes; one to one and one-half year 


in five eyes, and one year and under in four 
cves 


Krom our experience with the treatment 


of retinoblastoma with radiation alone, we 


would say that the lesion in these eyes at 


the present time have the appearance that 


we have been accustomed to associate with 


l'urthermore, we 
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= 
bh 
| 
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M. 


can say that if a retinoblastoma is not under 
control by it becomes manifest 
usually in three to six months. We think 
this is true for two reasons. The one is that 


treatment 


we are viewing isolated lesions in transparent 
media, and the other is that we are dealing 
with relatively small lesions which can be 
scrutinized carefully when magnified * 16 
with the ophthalmoscope. Therefore, active 
growth of the tumor can be appreciated in a 
relatively short period 


cataractous 
changes been noted to date. This patient had 


In only one patient have 


Tasie 3. 


Post. 
operative Irradia 
Irradia- tion to 
tionto Fellow 

Orbit Eye 


Yes No 


Type of 


Name ase 


D. K. Unilateral 


Me Unilateral Yea No 


orbit 
Bilateral 


No 
Bilateral 
orbit 


Bilateral 
fellow eye 


Bilateral 
ment) 


Bilateral 
ment) 


Hilateral 


treatment completed over a year and one- 
half ago. At the present time there are slight 
posterior cortical changes. No retinopathy 
has been noted, and no vitreous hemorrhages 
have occurred, 


We do not have visual acuity on treated 
patients because they are practically all too 
young for an accurate visual determination. 
We would expect good vision in all these 
patients should the neoplasm prove ultimately 
to be arrested, 


It is well known that an outstanding char- 


acteristic of retinoblastoma is multiple origin. 
510 


TEM Therapy 
Oral (complete) 


Oral (incomplete) 
Intra-arterial to 


Oral (incomplete) 


Oral (incomplete) 
Intra-arterial to 


Intra-arterial to 


Oral (under treat- 


Oral (under treat- 


Oral (complete) 
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This is why in approximately one-third or 
more of the cases the tumor is bilateral. It 
is also frequent to see multiple origins in 
the retina of the same eye, and in the series 
reported here 50% of the eyes had multi- 
of We that 


this feature militates against successful treat- 


centric foci tumor. believe 
ment by radon plaques. Also, vitreous tumor 
seeds, a feature seen in some eyes, would 
probably not be reached through radon 
plaques. 

We have treated eight additional, but 


different, types of cases (Table 3) in the 


Summary of Eight Cases with Tumor Invasion of the Optic Nerve 


Orbital 
ur- 
renee 


Results 


Intracranial and gen- 
eral metastasis 
Died 


Intracranial and gen 
eral metastasis 
Died 

intracranial and 
metastasis to 
meninges 
Died 

Intracranial metas 
tasis 
Died 

Living 
No symptoms 


Comment 


Died 6 wk. 
from first 


TEM preceded 
planned enu- 
cleation by 7 
days 

Tumor In dis- 
tal portion of 
nerve; massive 
tumor In fel- 
low eye 
Massive tumor 
in fellow eye 

Tumor in dis- 
tal portion of 
nerve 


Living 
Prognosis poor 


Living 
Prognosis poor 
Living and well 


past 21 months with radiation and TEM, 
and they are as follows: Six patients in whom 
residual tumor was left in that portion of 
the optic nerve remaining in the orbit after 
enucleation and two patients in whom the 
tumor was found in the distal portion of the 
excised optic nerve but probably was not in 
the proximal portion. 

(a) Two of these eight patients have died 
of intracranial extension, and the fellow eye 
remained normal throughout. 

(b) Two patients died of intracranial ex- 
tension, and the fellow eye had been treated 
with x-rays and TEM, with satisfactory 


a 

Yes 

a visit 

K.B Yeu 

a 
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regression. (These are the two cases men- 
tioned in d (page 509). 

(c) Two patients have advanced tumor in 
the remaining eye treated with radiation and 
TEM, and, although both are alive, with no 
trouble imminent, the prognosis is poor. 

(d) One patient is living and well, with 
no apparent trouble. 

(e) One patient had a very advanced 
tumor in The right eye 
enucleated, and we recommended enucleation 


each eye was 
of the left eye but before the parents could 
give us their decision 11 days elapsed, during 
which we used TIM to observe what effect 
it would have on the growth, This eye was 
enucleated. 
Patients for whom previous types of 
therapy have proved completely inadequate 
and who have generally been viewed as hope- 
less are now being treated by intra-arterial 
TEM in radiation. In 
this category fall the cases with residual or 


combination with 
recurrent tumor in the orbit or cases in which 
the intraocular tumor has proved refractory 
It is too 
early to make any statement regarding the 


to the usual course of treatment. 


effectiveness of our treatment of these pa 
tients. 


METHOD OF TREATMENT 


The therapy program has two distinct 
aspects, each of which will be discussed, 
1. Radiation.-The factors employed are 
as follows: 220 kvp; 0.5 mm. copper plus 
1.0 mm. aluminum filtration (H. V. L. 1.0 
mm. copper); 20 ma.; 50 em. T.-S. D.; a 
2.5 cm. temporal port and a 2.0 cm. nasal 
port; 490 r/air per treatment given three 
times a week to alternate portals for a 
total of 2400 r/air to each within one month 

The exact method of administration and 
the means by which the patient is immobilized 
during therapy have been fully described in 
previous publications. 


The tumor dose is calculated to be ap- 
proximately 3400 r, in contrast to a tumor 
of 6200 r 


dose which was administered 


t References 1 through 4 
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formerly when radiation alone was employed. 
The new figure is such that there is reason- 
able doubt that it alone would be as success- 
ful in arresting the disease as the previous 
method had been. Therefore, if the survival 
rate were maintained or bettered, it would 
be reasonable to attribute the efficacy of the 
new therapeutic approach to the addition of 
the triethylenemelamine. Whether the dose 
further reduced will be 
determined when the final effects of the pres- 
ent method have been fully evaluated. 


2. Triethylenemelamine. 


of x-rays can be 


Triethylenemel- 
amine (TEM) is an analogue of nitrogen 
mustard, a drug developed first in 1946 by 
Gilman and Philips.’ These agents have 
proved useful in the management of some 
diseases of the hematopoietic system, Hodg- 
kin’s disease, and allied disorders, when these 
conditions become generalized or radioresis- 
tant. TEM has been used almost exclusively 
by our group because, unlike nitrogen mus 
tard, it can be given orally, a necessity in 
infants and young children, who compose 
the group affected by retinoblastoma. 
Since it was found by experience that 
TEM is tolerated surprisingly well by chil 
dren, an average oral dosage schedule was set 
up somewhat as follows: In children under 12 
months 2.5 mg. is given; from 12 to 18 
20 Ib. (9072 gm.) in 
weight, an initial dose of 3.0 mg. is given if 


months, or under 
a preliminary survey, including complete 
blood count and platelet count, is satisfac- 
tory. A 
initially to older or larger children, Complete 


dose of 3.5 mg. is administered 
blood and platelet counts are repeated every 
two weeks, with maximum depression usually 
noted at four weeks. The second and subse- 
quent doses of treatment are given after a 
suitable interval, when the white cell count 
has returned to a level of at least 5,000, and 
preferably 6,000, and the platelet count to 
150,000, a point usually reached six to eight 
weeks after the last treatment. The subse 
quent doses selected depend upon the depth 
of hematologic depression and the rate of fall 

The total course administered is approxi 
mately 15.0 mg., given in five divided doses 
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second at the conclusion, of x-ray therapy. 
In one instance TEM was given six months 
after completion of x-ray therapy, with a re- 
markable improvement, suggestive of syner- 
gism. It was given alone initially in several 
advanced cases; and when unexpected im 
provement occurred, x-ray 


therapy was 


added to the regimen. For the most part, 
treatment has been concurrent. As yet the 
optimal timing of radiotherapy and TIM 
effect has not been established. 

The drug, supplied by Lederle Labora 
tories, when administered orally, is given on 
an empty stomach, usually at 8 a.m., after an 
eight-hour fast, with 0.6 gm. ‘of sodium bi- 
carbonate (Gellhorn and associates *). Noth 
ing is given orally for three hours thereafter 
to insure a maximum, even absorption. Im 
mediate effects noted included 
sional vomiting in 10% of the children and 
fever, with a temperature of from 100 to 
102 F, within 24 hours of treatment in 10%, 
usually in the Late 
changes were those of the usual hematologic 
depression described by Rhoads, Karnofsky, 
and associates,§ with leucopenia and lympho- 


toxic occa- 


youngest children. 


penia followed by thrombopenia and anemia, 
in that order. A moderate eosinophilia oc- 
curred occasionally. 

\s m any therapeutic program, stress 
must be placed on individual variation. Some 
children are extremely sensitive, and it is 
only by the utmost vigilance that dangerous 
or fatal hematologic depression can be pre 
vented, This was avoided in more than 150 
separate treatments in all of the 30 children 
treated orally. 

As our experience with the agent in- 
creased, we have recently added the intra- 
arterial route of treatment to our armamen- 
tarium in advanced or previously refractory 
cases. The level of the chemotherapeutic 
agent reaching a localized tumor via the 
regional arterial supply can be many times 
greater than that given orally (Klopp '' and 
Sullivan '*). On theoretical grounds, regional 
therapy 


seems especially well adapted to 


§ References 9 and 10, 
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The first dose is given at the start, and the 


A. ARCHIVES OF 


OPHTHALMOLOGY 


treatment of retinoblastoma in view of the 
anatomy and blood supply of the retina. 
Initially, in two hopeless cases, with central 
nervous system invasion, TEM was intro- 
duced into the internal carotid artery on the 
side of the tumor under direct operative 
vision. The dual purpose was to assess the 
direct effect on the tumor, as well as the 
optimal dosage. 

The pathologic findings are now available 
in the case of K. B. She had bilateral disease, 
and microscopic studies after enucleation of 
the right eye revealed extensive tumor in- 
vasion of the optic nerve. This finding has 
yielded a uniformly fatal prognosis. The 
lesion in the left eye appeared to be more 
favorable, and treatment was started before 
the pathologic report on the enucleated eye 
was completed. She received the standard 
course of x-ray treatment to the left eye and 
3 doses of oral TEM. A mass in the right 
orbit appeared, and cells in the spinal fluid 
were She then 
treated on two successive days with a total of 


subsequently noted. was 
5 mg. of TEM given by injection into the 


right internal carotid artery under direct 
vision, Subsequent experience has shown us 
that the dose of TEM in the first case was 
too high, and at present we are studying the 
\fter intra-arterial 


the white blood cell count 


effect of smaller doses. 
TEM may fall 
within 3 to 5 days, reaching nadir at 14 days 
and rising by 21 days, thus paralleling nitro- 
gen mustard rather than slow-acting oral 
TEM 


patient, the terminal course 


\s a result of the high dosage in this 
was further com- 
plicated by aplastic anemia. During the three 
weeks following treatment the huge orbital 
mass on the injected side almost vanished. 
On histologic study only a hemorrhagic, ne- 
crotic cells with 
deep-staining nuclei and scanty cytoplasm 
was found in the orbit and in the intracranial 


residue containing some 


brain stem extension. This was in contrast 
to the findings in the left eve treated earlier 
with oral TEM and radiation, which showed 
active tumor with rosette formation. 

In view of the encouraging immediate ef- 
ect on the tumor and in the light of subse- 
quent experience, we are employing single 
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RETINOBLASTOMA—X-RAYS AND 


therapeutic doses of 1.5 to 2.0 mg. intra- 
arterially in specially selected cases. The 
results are far too preliminary to be reported 
on at present. 

said that TEM 
therapy alone has not proved curative in the 


In summary, it must be 


treatment of any neoplasm in the past, no 


matter how beneficial it may appear initially, 


No different end-result should be expected in 


patients with retinoblastoma, Consequently, 
the use of TEM alone has not been assayed 
in the present series. We feel, therefore, in 
view of the evidence obtained in the present 
study, that although TIM exerts a clear- 
cut, beneficial effect on retinoblastoma, its 
present role is in a synergistic association 
with properly administered radiation. 


CONCLUSION 


As a result of our 21 months’ experience 
with the treatment of retinoblastoma by a 
combination of radiation and triethylene 
melamine, we feel that these two agents im- 
plement each other in such a synergistic 
manner that they offer the best method to 
date of treating this type of tumor. 


Mrs. Virginia Pampellonne assisted in this work 
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of Orygen Waning in 


TFibroplasia 


ROBERT H. BEDROSSIAN, M.D. 

PAUL CARMICHAEL, M.D. 

and 

JOSEPH A. RITTER, M.D., Fhiladelphia 


The conflicting views on the role of oxygen 


in the pathogenesis of retrolental fibroplasia 


have created much confusion. Two studies 
made at the Philadelphia General Hospital 
have already been reported.* One study was 
based on the uncontrolled use of oxygen. The 
second study utilized controlled oxygen en- 
vironments for premature infants with birth 
weights below 1.8 kg. (4 Ib.). Both studies 
showed that the incidence and severity of 
retrolental fibroplasia are significantly in- 
creased by the use of greater oxygen supple- 
ments and the rapid reduction in the oxygen 
concentration of the infant’s environment. 
Additional data were presented to support 
the hypothesis that the major precipitating 
factor in the disease was the improper with- 
drawal of supplemental oxygen. It was, how- 
ever, clearly stated that the direct effects of 
oxygen were also of importance. 

The present study was designed to evaluate 
the effects of the following factors : 

1, Rapid and slow withdrawal of supplemental 

oxygen 
2. Duration of administration of supplemental 
oxygen 


3. Total amount of supplemental oxygen with a 
fixed maximum concentration of 50% 


METHODS AND MATERIALS 


Infants with birth weights between 1.36 and 1.8 
kg. (3 and 4 Ib.) were placed alternately in one of 
four groups to receive oxygen, as shown in Table 1. 


* References 1 and 2. 
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Taste 1.—Duration and Concentration of Oxygen 
for Each Group of Infants 


Group 1 Group 2 
days 


8 days 


Group 3 (iroup 4 


15 days 


If the rapid reduction in the oxygen concentration 
of an infant’s environment is the major factor in 
the development of the disease, then the incidence 
of the disease should be lower in Group 1 than in 
Group 3. This would be true despite the fact that 
Group 1 received more oxygen than did Group 3 

All infants weighing less than 1.36 kg. (3 Ib.) 
were given oxygen according to the schedule of 
Group 1. This would weight the study against the 
hypothesis that the weaning factor was of greater 
importance, since one would expect that the inci- 
dence of the disease would be higher in the smaller 
infants. 

The infants were grouped on admission to the pre 
mature nursery by the pediatrics department. When 
the ophthalmologist was examining an infant, he 
was not aware of the infant's group. The fundi were 
examined every week for six weeks and, if normal, 
every two weeks thereafter until the child was dis- 
charged from the hospital. Abnormal fundi were 
seen every week. If an an infant showed any evi- 
dence of retrolental fibroplasia, a second ophthal- 
mologist was called in for a confirmatory examina- 
tion. 
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RETROLENTAL FIBROPLASIA—OXYGEN 

If a baby had the disease and it appeared to be 
getting worse, the infant was replaced in an oxygen- 
enriched atmosphere of 50% until the changes 
regressed or became stationary. The oxygen con 
centration was then gradually until the 
infant was placed in room air. 


reduced 


Our results with oxygen therapy have been uni 
formly successful. Therefore, we did not think it 
proper to withhold treatment for the sake of obtain- 
ing controls 

Oxygen concentrations were checked daily and 
were within +5% of the desired level. 

The 


active stages 


disease was classified under the following 


Stage 1. Dilated and tortuous vessels and/or 


abnormal neovascularization at the ends 
of the retinal vessels 
Stage 2. 


Stage 3 


Stage 1 plus hemorrhages and edema 
Retinal detachment 

We have included the abnormal neovasculariza- 
tion in Stage 1, rather than Stage 2, since we have 
seen a number of eyes that have had neovasculariza- 
tion but did not have dilated or tortuous vessels. 

Infants were considered to have had the disease 
if they showed evidence of retinopathy on two or 
more occasions, as seen by two different observers. 
This is the criterion used in our analysis. 


RESULTS 

The incidence of retinopathy in each of the 
four groups is shown in Table 2. As can be 
seen, the incidence of the disease increases 


Taste 2.—Incidence of Retinopathy in Each Group 


Group 1 
(Weaned 
from 
Oe) 


Group 3 
(Not 
Weaned) 


Group 4 
(Not 


Group 2 Weaned) Total 


Disease 9% 


(19%) (30%) (36%) 


6 
(67%) 


Tota! 16 


progressively with each group. This was what 
we expected on the basis of conclusions from 
our previous studies. The chances of simply 
guessing such a result would be only 1 in 24. 
This in itself is of importance in supporting 
the conclusions which were drawn concern- 
ing the relation of oxygen to retinopathy of 
prematurity. 

The incidence of the disease in Groups | 
and 3 gives the most significant data in evalu- 
ating the relative importance of the direct 
effects of oxygen as compared with the effects 


WEANING 
of oxygen weaning. If the direct effect of 
more important, then Group 3 
should have a lower incidence of the disease 


oxygen is 


than Group 1, since this group received less 
total oxygen than did Group 1. This group 
also received it for less time. 

As shown in Table 2, there were 26 infants 
who received oxygen as prescribed for Group 
1; only 5 of these developed retinopathy. 
Nine of the 16 infants in Group 3 developed 
retinopathy. Analysis of the data showed that 
the incidence of the disease was significantly 
higher in Group 3 than in Group 1 (,* method 
with Yates’ correction: P «— 0.03), The re 
sults are even more impressive when one 
considers that all infants below a birth weight 
of 1.36 kg. (3 lb.) were placed in Group 1. 

The incidence of retinopathy is also sig- 
nificantly higher in Group 4 than in Group 1 
(exact y* method: P? « 0.015). 

It is important to note that none of the in- 
fants showed any evidence of the disease 
while receiving oxygen. 

Seven infants were given oxygen therapy 
because their retinopathy appeared progres- 
sively worse on repeated examinations. Six 
were infants used in this study, while one was 
an infant whose original oxygen schedule was 
abandoned because of other factors, All these 
infants had a rapid and definite improvement 
in their fundus picture when oxygen admin- 
istration was reinstituted, 

During this 12-month study, there have 
been 30 infants with some stage of retinop- 
athy. Twenty-three were from the controlled 
series, and 7 were infants who received vari- 
able amounts of oxygen. In none of these 30 
infants did the disease progress to the stage 
of retinal detachment. 

From the foregoing data, we must con 
clude that the improper withdrawal of oxygen 
supplements is a significant factor in the de- 
velopment of retrolental fibroplasia. The 
study also strongly suggests that oxygen 
therapy, once the disease has developed, is 
of value in most cases. 

A comparison of Groups 3 and 4 is of in- 
terest in considering the effects of duration 
of oxygen administration, since Group 4 re- 
ceived oxygen for 15 days while Group 3 
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received oxygen for 7 days. The incidence of 
retinopathy was higher (67%) in Group 4 
than in Group 3 (56%). This difference is 
not statistically significant, however. 

In emphasizing the importance of the wean 
ing factor in this disease, it would he easy to 
neglect the direct effects of oxygen. These 
vascular effects are of great importance, since 
oxygen administration predisposes to the dis 
ease in the first place. One infant whom we 
observed showed what we believe to be one 
of these effects. This infant was placed in an 
environment of 50% oxygen. Four days fol 
lowing this, the peripheral portion of all the 


ARCHIVES OF OPHTHALMOLOGY 


of the infant’s oxygen environment was grad 
ually reduced, these focal narrowings disap- 
peared, 

It is very easy to con eive that this nar 
rowing could progress to complete closure 
of the ends of newly forming blood vessels 
This phenomenon has been shown in animals 
by Ashton and Patz.t When these vascular 
channels start to grow again, they do so by 
forming extra vessels. This could be an 
alogous to the way a tree branch grows after 
being pruned, 

\nother observation worth mentioning ts 


the neovascularization and the compensatory 


Fig 1.—Flat retinal preparation of an 8-week-old premature infant (birth weight 1.7 kg. [334 Ib.]). 
Blood in vessels stained by a modification of the Pickworth benzidine method. A shows site of old hemor- 
rhage in superior temporal retina with abnormal capillary ends growing toward vitreous. B shows 
abnormal ends of retinal vessels which originally were at 4. C shows normal-appearing ends of inferior 


temporal retinal vessels of the same eye. 


main veins showed abrupt narrowing to less 
than one-half the diameter proximal to the 
narrowing, This narrowing continued to the 
distal ends of the vessels. Within a week of 
the time the infant’s oxygen supplements 
were stopped, all the vessels became dilated 
and tortuous ; marked retinal edema appeared, 
and a few hemorrhages were noted. This in 
fant was replaced in an atmosphere of 50% 
oxygen. By the following week the retinal 
edema had disappeared, and the vessels were 
normal in size, except for a number of focal 
narrowings of the veins. As the concentration 
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dilatation of vessels at the site of a hemor 
rhage. One infant developed a single hemor 
rhage in the periphery of one eye four weeks 
after birth. The vessels leading to this hemor- 
rhage became dilated within the following 
week but returned to normal as the hemor- 
rhage absorbed. the other vessels re 
mained normal. New capillary tufts appeared 
at the site of the hemorrhage. Figure 1 is a 
flat retinal preparation of this eye and shows 
the findings described. 


t+ References 3 and 4. 
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RETROLENTAL FIBROPLASIA—OXYGEN 


COMMENT 

There are two apparently opposite points 
of view concerning the relationship of oxygen 
to retrolental fibroplasia. One is that the dis- 
ease is due to a relative anoxia; the other is 
that the disease is primarily due to the direct 
effects of oxygen. Both theories require the 
use of supplemental oxygen. 

Neither of these theories alone can ex 
plain most of the common phenomena ob 
served in retinopathy of prematurity, Fur 


Supplemental Oxygen 


Narrowed blood vessels, decreased blood supply 
(compensated by increased blood oxygen level) 


WEANING 


supply. Abnormal compensation takes place 
in the form of dilated and tortuous blood ves- 
sels, hemorrhages, edema, and occasionally 
neovascularization, Although abnormal capil 
lary proliferation is considered to be the basic 
pathologic lesion of retrolental ftibroplasia, 
the above-mentioned changes are a definite 
part of the clinical picture. Therefore, their 
presence must be considered as indicative of 
the disease, This appears to he the commonest 


sequence of events. 


No Supplemental 
Oxygen 


Acute respiratory 
disease, infection, 
anemia, or other 


Rapid withdrawal More oxygen keneral disease 


of oxygen given 


Sudden decrease in Suppression of growth 
blood oxygen level of retinal vessels 


Decreased blood supply Obiiteration Of | «her la 


no longer compensated of retinal vessels 


Supplemental oxygen 
decreased or stopped 


Vessel growth restarts 


PROLIFERATION 
TISSUE ANOXIA @ 


ABNORMAL CAPILLARY 


Further narrowing 
of vessels 


hig. 2.—Mechanisms in retinopathy of prematurity. 


thermore, infants who have never received 
supplemental oxygen have developed the dis 
ease. The most logical explanation would ap 
pear to be as follows: 

Retinopathy of prematurity is the result of 
retinal anoxia. ( Vasodilation, hemorrhages, 
edema, and neovascularization all are anoxic 
phenomena.) ‘This anoxia may be the result 
of three different mechanisms. These may 
operate singly or in combination, as follows: 

1. Supplemental oxygen causing vasocon 
striction and a decreased blood supply. Rapid 
withdrawal of the supplemental oxygen sud 
denly decreases the blood oxygen level, and 


anoxia results because of decreased blood 


2. Supplemental oxygen causing vasocon 


striction, Continued narrowing leads to ob- 


literation of the ends of the newly forming 


retinal blood vessels and suppression of 
growth of developing vessels. When oxygen 
is stopped, the retinal vessels reopen and re 
start their growth. This proceeds by abnor 
mal capillary proliferation 

It is also possible that continued narrow 
ing and obliteration of the retinal vessels 
might lead to ischemia and tissue anoxia 
Compensation might result in dilated and 
tortuous vessels with hemorrhages and retinal 
edema. This sequence of events is probably 
uncommon 
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3. Systemic diseases, such as pneumonia, 
anemia, etc., may also result in anoxia. 

These mechanisms are graphically shown 
in Figure 2. 

Other secondary factors, such as disturb- 
ances in enzyme systems, may also play a 
part. 

SUMMARY 


A group of premature infants who were 
suddenly removed from an atmosphere of 
50% oxygen had a significantly higher inci- 
dence of retinopathy of prematurity than did 
another group of premature infants who had 
a gradual reduction in the concentration of 
their oxygen environment. Infants with a 
progressive retinopathy were given oxygen 
therapy, with a definite beneficial effect. 

The vasodilation and neovascularization as- 
sociated with a retinal hemorrhage near the 
end of a developing retinal blood vessel are 
also described. 

Three possible mechanisms by which the 
disease may develop are suggested. 


CONCLUSIONS 


1. Although retinopathy of prematurity is 
primarily an anoxic disease, the direct effect 
of oxygen is an important factor in its de 
velopment, Therefore, the administration of 
supplemental oxygen to premature infants 
should be limited to the minimum amounts 
necessary. A 40% concentration inside the 
incubator is probably the level which should 
not be exceeded as a routine measure. 


A. ARCHIVES OF OPHTHALMOLOGY 
2. The commonest precipitating factor in 
the disease is the improper withdrawal of 
supplemental oxygen. Therefore, if an infant 
is given supplemental oxygen, a gradual re 
duction in the oxygen concentration of the 
infant’s environment should be made before 
oxygen is stopped completely. 

3. Oxygen therapy is of value after retin- 
opathy develops if judiciously used and 
gradually withdrawn. 


Mr. Hyman Menduke, Assistant Professor of 
Statistics, Jefferson Medical College, Philadelphia, 
assisted in the “setting up” of the experiment 
and the statistical analysis. The chiefs of service of 
the Department of Pediatrics permitted use ot 
patients, and the residents in the premature nursery 
gave essential cooperation in the carrying out of 
this study. Mrs. Williams and Mrs. Moore, head 
nurses of the premature nursery, and their assistants 
gave invaluable help during the examination in 
grouping the patients and in maintaining the proper 
oxygen flow rates. 


2027 Spruce St. (3) (Dr. Bedrossian) 
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reservation of Callie by Dehydration 


A Preliminary Report 


LIEUT. COL. JOEL N. McNAIR 
and 
COL. J. H. KING Jr. (MC), U. S. Army 


The operation of keratoplasty is frequently 
limited by the unavailability of donor corneal 
material, This report concerns preliminary 
experiments on the storage of cornea by de- 
hydration and its successful use in lamellar 
transplantation in animals. 

Many attempts have been made to store 
corneal grafts over long periods, and various 
methods have been tried in animals, without 
success. Katzin (1947),' Leopold and Adler 
(1947),? and Smelser and Ozanics (1946) * 
all used rapid freezing in liquid nitrogen, with 
and without isopentane as an intermediate 
heat-transfer 


method de- 


scribed in the first two papers, the grafts, 


medium. In the 


after freezing, were dried in vacuo over P2O; 
at —40 C. They were reconstituted before 
use, in most cases, by the addition of isotonic 
sodium chloride solution. Smelser and Oza- 
nics did not dry their materials but stored 
them at —195 C for periods of from one hour 
up to five days. The grafts were then rapidly 
thawed by immersion in isotonic sodium chlo 
ride solution at 39 C. When thus prepared 
for implantation, both the frozen and the 
freeze-dried grafts were clear and of normal 
consistency. A great majority of these grafts 
healed well after implantation, but in most of 
them translucency was lost within the first 


three weeks. There was no lasting transpar- 


ency in any of the grafts during the time they 
were observed. 

Ophthalmology Service, Walter Reed Army 
Medical Center (Lieut. Col. McNair). Chief, Oph- 
thalmology Service, Walter Reed Army Medical 
Center (Col. King), Washington 12, D. C. 


In 1949, Polge and associates * found that 
fowl spermatozoa treated with glycerin-saline 
solution retained their motility after freezing 
and thawing. Since that time, marked success 
has been reported on the survival of skin, 
blood, and endocrine tissue treated in a simi 
lar manner.’ In early 1954, Eastcott and his 
colleagues ® reported that human corneas 
stored at 19 C 


yielded lamellar grafts that differed in no way 


treated in this way and 
from fresh grafts in their final result and 
transparency. 

Since success had been obtained in preserv- 
ing corneas by using the glycerin-saline tech- 
nique with freezing, we considered the possi 
bility of carrying the process one step further 
and drying the tissue in a vacuum. This con 
sisted essentially of drying corneas by removy 
ing the water from the glycerin solution 


METHOD 


The entire from cats and 
placed in a glass container with a solution of 15% 
glycerin and The container and 


contents were then cooled by immersion in a mix 


cornea was removed 


isotonic saline. 
ture of crushed solid carbon dioxide 
alcohol, A pump 


container and the water removed 


(dry ice) and 


vacuum was connected to the 
The temperature 
of the solution was kept sufficiently low to prevent 
the water from boiling off too rapidly. This left 
the corneas in a solution of approximately 100% 
glycerin, Later, it was reasoned that the process 


could be simplified by using 80% glycerin with 
saline to dehydrate the corneas, since this involved 
removing After all the water was 


removed and dehydration was complete, the corneas 


less water. 


were stored in an airtight container at room tem 


perature, Preserved in this way, they remained 


clear and transparent. Some corneas were pre 
served in 95% commercial glycerin and stored at 
+4 C (Table; Cats 12 and 13). 

Corneal nonperforating lamellar grafts were done 
on cats which were anesthetized with intravenous 


pentobarbital (Nembutal). 
At certain intervals corneas were removed and 
reconstituted in isotonic saline. After approximately 


20 minutes they assumed their normal contour and 


519 


= 


Results with Dehydrated Corneal Grafts 


Storage Post 

Time of operative 

Treated Size of Age of 
Cat Donor Graft, Status of Graft 


Gratt Min Graft Mo 


l wk 55 Clear 1 
2 lwk 69 Clear 1) 
‘ 3 days 65 Clear 
, 4 days 50 Clear 
6 wk 6.5 Clear 
7 l wk 5.5 Clear s 
1s days 5.5 Clear 
15 day® 5.5 Clear 
10 4mo 55 Clear 
i 4mo 70 Clear ie 
12. Imo 55 Nearly 6 
clear 
14. Imo 55 Nearly 6 
clear 


appeared white and opaque. Round lamellar grafts, 
ranging from 5 to 7 mm. in diameter, were then 
cut from the whole cornea. These donor grafts 
were placed on the recipient eye from which a 
similar-sized section of cornea had been previously 
removed, and were held in place by four direct silk 
sutures. The cats were given 150,000 units of peni- 
cillin postoperatively and the dose repeated two 
days later. Atropine and oxytetracycline (Terra- 
mycin) ointment were instilled daily in the eye 
which had been operated on. 


RESULTS 


The grafts were inspected frequently, and 
they remained white and opaque for from 
five to seven days, until the epithelium from 
the host had covered the graft. During the 
second week there was rapid clearing, and by 


Fig. 1.—Appearance of corneas that have been 
dehydrated in glycerin. 


” 
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Fig. 2.—Appearance of corneas after being recon- 
stituted in isotonic saline. 
the third week the grafts had reached their 
final transparency. 

In all cases the grafts became transparent, 
and in many instances it was difficult to dis- 
tinguish the eye with the corneal graft from 
the eye which had not been operated on. In 
Cats 12 and 13 (Table), in which the cornea 
grafts were preserved in only 95% glycerin, 
the grafts became transparent but there was 
a slight diffuse clouding. In no case was there 
any ingrowth of vessels from the host cornea 
into the graft. Corneas were stored for as 
long as 4 months, and grafts have remained 
clear for 10 months. 


Fig. 3.—Lamellar graft in right eye four months 
after operation. Graft previously dehydrated and 
stored in glycerin for two months. 


a ad 4 
520 


HYDRATION OF CORNEAL GRAFTS 


COMMENT 


Success has been achieved in preserving 
corneas through a process of dehydration. By 
the complete removal of water, it is felt that 
the cellular structure of the tissue is left un 
disturbed and that cellular metabolism is 
brought to a complete standstill. Glycerin is 
necessary in dehydrating the corneas, in 
which glycerin takes the place of the water 
in the tissues. Complete dehydration of cor- 
neas in a strictly aqueous solution leaves them 
with no cohesive structure to remain intact, 
and they will often powder. 

The part glycerin plays in the tissues is not 
exactly understood. However, it is felt that 
the reason success was obtained in storing 
grafts in 15% glycerin and saline at low tem 
perature ® was because glycerin apparently 
protected the cell from the crystallization 
effect of the water, which, on freezing, has 
heen reported to damage the cell. When the 
tissue is prepared in this manner and stored 
at low temperature, metabolic activity is 
brought to a halt without any change in the 
cell, Similarly, when corneal tissue is com 
pletely dehydrated in glycerin, it can be left 
at room temperature and will yield clear 
grafts after prolonged periods of storage. 
Corneas stored in 95% commercial glycerin 
for one month at +4 C (Table; Animals 12 
and 13) were slow on absorbing water when 
reconstituted in saline and did not become 
white as did the completely dehydrated grafts. 
When grafted, they had a stormy postopera- 


tive course, and at times it appeared they 


might slough. The final transparency was not 
obtained until six weeks after healing. Since 
these grafts were not stored at a low enough 
temperature and since there remained 5% 


water in the solution, it is probable that they 
were not sufficiently protected from some 
autolysis, 

It is felt that this method of storing corneas 
at room temperature may have wide applica 
tion in the future in making human corneas 
more readily available and thus prevent the 
shortage and waste that exists at present. 


SUMMARY 


A successful method to preserve corneas 
for transplantation by dehydration is re 
ported. 

Corneas completely dehydrated in glycerin 
can be stored for an indefinite period of time 
and will yield clear, nonperforating lamellar 
grafts. 

Raymond B. Gochenour, D.V.M., and Pfc. 
Eugene W. Plischke, of the Army Medical Service 
Graduate School, gave technical assistance. 
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Ketrolental fibroplasia may be a lifelong 
disease. The child with retrolental fibro- 
plasia may become a useful, independent 
adult with a handicap of some degree of 
ocular damage, or, in the extreme severe 
form of the disease, may have a futile, pas- 
sive life as a physically and mentally stunted 
child in a state institution for retarded chil 
dren. Infantile blindness is then a minor, 
and the total deterioration a major, catastro- 
phe of life. Most children range between 
these two extremes, The progress of these 
children now can be determined, as suffi 
cient time has elapsed for an investigative 


study. 
THE STUDY 


An evaluation of the effects of retrolental 
fibroplasia on children was made so that 
ophthalmologists and pediatricians may 
know what happens to the child in later 
years. For this purpose all of the children 
with retrolental fibroplasia of the University 
of Chicago Clinics were followed in_ the 
clinic, home, and institution and were ex- 
amined repeatedly after they were seen dur 
ing the first year of life. They were investi 
gated by pediatricians, social workers, teach 
ers, psychologists, and psychiatrists as a 
part of a study of blind children. With very 
few exceptions, the record on each child was 
complete, There was no doubt about the 
diagnosis of retrolental fibroplasia. It was 
confirmed histologically on 16 eyes of these 
children, 

The status of the 107 children for the year 
of 1954 is given briefly in Table 1. The 

From the Division of Ophthalmology, Depart 
ment of Surgery, of the University of Chicago. 

This investigation was supported by the Douglas 
Smith Foundation for Medical Research and the 
Chicago Community Trust of Chicago. 

The cooperation of Miss Miriam Norris of the 
Project for Study and Development of Preschool 
Blind Children has made this report possible. 
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fect of TFibroplasia in 


first infants with retrolental fibroplasia ap- 
peared in 1937 and are now 17 years old. 
The youngest children included in this report 
were born in 1950. The course of the 
younger children is not quite predictable, 
but it probably will not change greatly. 
With the birth weight, the letter T is used 
to indicate a sibling of the 17 multiple births. 
The final stage of retrolental fibroplasia is 
given in Roman numerals instead of letters 

I is the minimal and V is the maximal 
damage. The upper symbol registers for 
the right eye and the lower for the left eye. 
The refraction is shown in spheres and 
cylinders, In the column for school the 
word “institution” means the child is per- 
manently confined in the state institution 
for retarded children. 

Age.—The children with retrolental fibro- 
plasia who were born from 1937 to 1941 
fared poorly, One-third died of disease that 
seemed to be unrelated to retrolental fibro- 
plasia. The common cause of death was in 
fection, Congenital neurological disease was 
frequent only in this group. There was no 
way to determine from the records whether 
extremely high concentrations of oxygen 
were given and, if so, whether they damaged 
the brain, or whether, because of congenital 
neurological disease, oxygen therapy was 
needed for survival. 

Children who were born during the last 
10 years were less handicapped physically 
and mentally. This improvement of health 
was in part related to better management of 
their lives. 

Birth Weights.—The birth weights of chil- 
dren in groups of 500-gm. intervals were as 
follows: 


No. of Per 

Birth Weights, Gin Children Cent 

1000 or less........ 13 12.1 
1000 to 1900. 57 58.2 
1500 to 2000 29 "71 
2000 to 2500 3 28 
Over 2000... 5 48 


Total.. 


= 
| 
na 
rt 
| 
4 
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EFFECT OF 


Birth 
Weight, 


Birth Gm. 


1987 1835 


1987 


1040 


3410 


1690 


1875 


1428 T 


RETROLENTAL FIBROF 


TABLE | 


Final 
Type 
Retro 
lental 
Fibro 
plasia 


Days 
in 
Hos- 
pital 


Disposition 


Refrac- 


Vision tion 


Large 
objects 
LP 
LP 
LP 
LP 


Catarac 


0 Nystagmus 


5/200 —8.00 


0 

0 
5/200 
10/900 


Large 
objects 
20/0 
10/200 
0 
0 


25.00 
"5.00 
12.00 


School 
Age 17 Years 
Braille 


Age 16 Years 
None 


Braille 


15 Years 
Braille 
grade in 19602 
State school 
for blind 
Braille 
Public sehool 


Age 


ts 


Age 14 Years 


Braille—sth 
wrade, 1952 


Age 13 Years 
Institution 


Institution 


State school 
for blind 


\ge 12 Years 
Braille 
Braille 
Sight-saving 
achoo 
Institution 
Braille 
Institution 


recommended 


Sth grade 


Age 11 Years 


Home 


Hraille 


Sight-saving 
achoo 


Braille 


Effect of Retrolental Fibroplasia on Children 


Mentality 


Good 


Retarded 


Iinbecile 
Reeom 
mended to 
institution 
Retarded 
Retarded 
Recomm 
mended to 
institution 
Dull normal 
tiood 
Retarded 
Retarded 
mentally 
and 


physically 


Dull 


Very low 


Very low 


Retarded 
by home 
environment 
Excellent 
Excellent 
Imbectle 


Retarded 


Excellent 


Average 
good 
Excellent 


Average 


Comment 


Died brain 
not retinoblastoma 

Autopsy 

Institution 


of tumor, 


Died (1989) of pneumonia 
Congenital hydrocephalus; 
brain edema 

Autopsy 


Died (1046) 
spastic 


Acute enteritis; 

quadriplegia 

Died (1038). Marked congen! 
tal hydrocephalus 

Died (100), Cerebral and 
cerebellar agenesis, micro 
cephaly, major convulsions 


Congenital motor disability 

Polydactyliam; retrolental 
fibroplasia early, rapid, 
severe 


Partly deat 


linproving 


Foster home 


1.Q. 22 


Premature sisters, 4 years 
and 6 months of age, have 
retrolental fibroplasia 


Died (1044) enteritis 
Umbilical hernia; heman 
gioma of sealp; brain 

normal, Autopsy 


Above average 

Onee recommended to in 
stitution but pow up to 
age level 


kg 
0 
Vv 0 
1987 v 0 Institution 
V 0 
1937 12 V 0 ows 
Vv 0 
15 1770 21 It | 
1938 2640 20 
I 
1988 706 100 Vv 0 
Vv LP 
1439 72 Vv LP saves 
V 0 
V 2 
1440 T $33 \ 
Vv 0 
IV 
Vv 0 
141 1740 is \ 
0 
\ LP 
V LP 
7 
0 
LP 
+ 3.00 
x” 
+10 
x® 
I 20/90 15.00 
+ 20 
1043 110s, 70 \ LP 
I! LP 
64 IV 
TV 
IV 5.00 
Vv 
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1947 


Birth 


Weight, 


1792 


1700 


1406 
1415 
12) 


1210 


TABLE 
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Effect of Retrolental libroplasia on Children 


Disposition 
Refrae- 


Vision tion School 


Vv 0 Institution 
IV LP 

Vv LP 
LP 


plasia 


Hraille 


Age 10 Years 
Braille 


State school 
for blind 


Braille 


<< <5 << 


Braille 


Institution 


Age 9 Years 
Braille 


Sight-saving 
school 


Recommended 
for inatitution 


Regular school 


Reeommended 
for institution 


HM Recommended 
HM for institution 
20/70 Sight-saving 
school 


20/70 


Age 8 Years 


State school 
for blind 


Braille 


Braille 


<< << 


Institution 


Home 


Institution ree- 
ommended 


In Institution 


<<< 


Braille 


=< 


56/200 +300 


Braille 
Parochial 
school 

In institution 
Braille 
Braille 
Braille 


Age 7 Years 


* This child's record is inserted for comparison only. 
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Sighted nursery 


OPHTHALMOLOGY 


Continued 


Mentality 
Retarded 


Comment 


Fair 


Fair Mild cerebral palsy 


Good 


Retarded 1. Q. 


Up to age In foster home 
Greatly retarded; environ 
ment poor 


Retarded Died (1946) 
Spastic quadriplegia 


Excellent 


Greatly 
retarded 


Good 


Very re- 
tarded 

Greatly 
retarded 
Excellent 


Cerebral bypogenesia; I. Q. 27 


Umbilical hernia 


Fair In foster home 

Up to age level 

Giood 

Good 

Retarded Died (1962); congenital heart 
disease 

Retarded Hermiparesis 
in part by 

environment 

Retarded 


Retarded 
physically 
and mentally 

Up to age 
level 


Up to age 
level 


Congenital craniofacial de- 
formity 


Excellent; plays baseball, 
roller skates 


Good 


Retarded 
physically 
and mentally 

Good 


Retardation in part related 
to parents 


Unknown 


Good 


Good 


4 
Final 
Type 
Days Retro 
in lental 
Fibro 
4 1948 — 3% 
q 1943 37 
LP 
LP ° 
0 
1946 T 72 Vv 0 | At age 
0 level 
Vv 0 
15/200 —1.26 > 
0.25 
x 100 
| 
1946 3320 0 With sighted children 
a I 20/40 +2.00 
x 116 
Vv 0 
x” 
-+1.26 
0 
0 
0 
q 63 0 
0 
5.4 LP 
LP 
0 
a 1046 1736 0 eos 
LP 
LP 
0 
1946 1288 OA 0 Retarded 
0 
0 
HM 
|_| 
q 


EFFECT OF RETROLENTAL FIBROPLASIA 
Taste 1.—Effect of Retrolental Fibroplasia on Children—Continued 


Final 
Type 
Days Retro Disposition 
Birth in lental 
Weight, Hos Fibro Refrac 


Birth (im pital plasia Vision tion School Mentality Comment 


12) Sighted nursery Up to age 
v ‘ level 
1047 1715 Sight-saving Good Hernias 
schoo 


197 1305 Braille Retarded Environment poor 
167 Braille Excellent 

1947 1080 T : Nursery Good Spastic diplegia 
1947 1210 : 20/2 Unknown Good 

1947 1620 T Braille Good Was very retarded 


1047 1530 4 Braille Up to age Good 
J evel 


Age 6 Years 
Sighted nursery Good Slight hemiparesis 


Sighted nursery Excellent 


Institution Retarded Omphalocele; mild heml- 
paresis 
—3,00 Good 
+1.00 x 9 
Nursery 
+2.00 x 9 


Unknown Good 


Fair 
Braille 
Sighted nursery Good 


Sight-saving Good In foster home 
school 

Faltr In foster bome; bilateral 
None calcaneovalgus 


—11.00 — Sighted nursery Good 
+1.75 x 9% 
Retarded Died (1948), cortleal toxle 
encephalopathy. Autopsy 


5.26 Nursery Good 

100x180 

Nursery (iood 

State school Good 
for blind 


0 
2/100 


2.00 x 180 


®/100 —11.00 Sight-saving Good 


achool 


0 
0 Braille Excellent Top In school, bigh I. Q. 
Large objects Good Not seen for two years 
Small objects Unknown 
0 Unknown Good Foster home 
Small objects 
Small objects Home Good Untraceable 
Small objects Sighted nursery Slow Spastic 
Small objecta mentally 
LP 


LP Crippled school Good Double hemipareses 
Fs 200 25 Sighted nursery Good Foster home; adopted 
Sighted nursery Poor Improving 
Sighted nursery Excellent 
Braille Fair 


Good 
None ment 


objects 
1948 1300 T 63 IV 1/200 
1045 1021 oe v 0 
Vv 0 
1945 1115 T 77 Il 5/200 
Itt 5/200 
1360 2B v 0 
1948 1100 # v LP 
v LP seevees Died (1962); acute nephritis 
1045 72 0 
18h) 43 il 0 
lll 
1310 Vv 0 
v 0 
+6.25 x 
Iu 
148 1075 68 0 
v 0 
Age 6 Years 
19469 1256 83 I 6/20 —6.00 = 
—100 x 180 
I 6/2 - 
1142 120 Vv 0 
199 1021 T 0 tee 
Vv 
1060 87 I 11.0 
1.00 
x ls 
1g “4 Vv 
Vv 
1175 II 
Il 
1296 23 Vv 
Vv 
lwy 1430 47 I 
I 
1283 Vv 
v 
It 
153) is I 
Vv 
149 20 21 ul 
Il 
1649 1455 43 
v 
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Final 

Type 

Ketro Disposition 
lental , /—— 
Fibro Refrac 
plasia tion 


Days 
in 
Hos 
pital 


Birth 
Weight, 
Gm 


Hirth Vision 


M 


fflect of Retrolental Fibroplasia on 
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C hildren—Continued 


Sehool Mentality Comment 


4 Years 


0 

0 

0 

0 
10/900 


+2500 x 75 
+10.00 
¥.00 


—— 


<< <4 << 


Braille 


Sighted nursery 


fiood 


Regular sehoo! Good 


Sighted nursery Good 


None 


Good 


Nursery Good 


Nursery Good 


Sighted nursery Good 
Kindergarten 
for blind 


Good 


In part retarded 
None by environment 


Braille Good 


Braille Good 


Sighted nursery Good 


Age 3 Years 


+O 
13.50 


Small 
objects 


No RLF 20/304 


20/804 


* This child's record is inserted for comparison only. 


About 10% of the children were in the 
previable group. The high percentage was 
probably related to a high survival rate. 
About 5% had a birth weight of over 2500 
gm. These infants were not regarded as pre- 
mature, 

Days in Hospital—The time the infant 
was in the hospital is some indication of the 
About 13% of the 
children were in the hospital 10 to 30 days; 
70%, from 30 to 70 days, and 17%, from 
70 to 110 days. the 
shortest and longest times had a high rate 


difficulty of survival. 


Those who were in 


of mental and physical retardation. The pre- 


viable infants who were kept in the hospital 
a long time commonly had a severe type of 
retrolental fibroplasia. 
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Physically 
health 


Poor stunted: delicate 


Sighted nursery 
Regular sehool 
Triplet to above 


Vision good Good 


Excellent Given much oxygen in hos 
pital; 37 days; triplet to 
above 


Regular school 


Fair Foster home; early 


tonia; now good 


hypo 
None 


Stages In 
lable 2, 


retrolental fibroplasia is given for the better 


of Retrolental 
the stage of the healed form oi 


bibroplasia. 


eye. The stage of the disease was not closely 
related to the degree of blindness. About 
35% of the children in Stages Il and IV had 
some useful practical vision besides light 
perception, A very few in Stage I had suffi- 
cient vision to attend regular school. 
Included in Table 2 is one family in which 
there were three consecutive premature in- 
fants treated by excessive oxygen therapy 
ending in regressed retrolental fibroplasia ; 
the first child, age 12, had high myopia; the 
second child, age 4, a macular dystrophy, 
and the third child, age 6 months, retinal 
stalks. The child form of 


with a milder 


§ v 
1219 ee Wt 6.00 
x 
7 5/200 6.00 
10”) v LP 
1661 T | HM 
HM 
” ‘ 
“ low 1460 40 LP 
1616 0 
Vv 0 
i 
a 191 LP 
Vv LP 
? 
= 
ag 


EFFECT OF RETROLENTAL 
retrolental fibroplasia was not expected to 
have the visual and environmental problems 
of the children which have been presented 
in Table 1. 

Vision.—The range of the corrected vision 
of the five healed stages of retrolental fibro- 
plasia is given in Table 2. Various factors, 
such as fixation nystagmus, high optical cor- 
rection, and mental retardation, decreased 
vision. In a few children binocular vision 
was remarkably higher than vision of either 
eye. The numerical 


visual evaluation was 


often lower than that found in_ practical 


tests. The past experience of the child was a 
great aid in the interpretation of what he 
saw, even when the visual acuity was low. 


Tasie 2.—Vlision in Retrolental Fibroplasia 


Stage of Retrolental 


No. of Corrected 
Fibroplasia 


Chiidren Vision 
il 20/30 to 20/200 
8 10/200 to H. M. 
4 20/50 to H. M. 
12 5/200 to L. P. 
62 L. P. to nil 


‘The vision in Stage I varied greatly. The 
damage to the fundus corresponded with the 
visual acuity. The picture was not uniform. 
Anomalous vessels, generalized retinal atro- 
phy, delayed myelination of the optic nerve, 
retinal dystrophy, and macular dystrophy 
were some of the defects. The vision in the 
other advanced stages of retrolental fibro- 
plasia more closely matched the structural 
type of lesion. 

Refraction.— The range of refractive error 
25 to +10 D. 
spheres and 6.25 D. cylinders. About 60% 
of the children had a myopia over 5 D. and 
40% over 10 D. 


School.—The age group distribution of 
school children is shown in Table 3. The 


by retinoscopy varied from 


TABLE 3.- 


School 


Sight Nursery 

Saving with 
of Birth Chil Regular Sighted 

Years dren School Children Braille 
1937-1941 os es 7 
1942-1046 ° 19 
1947-1951 2 12 


State 
In- 
stita- 
tion 


Range No. of 


Home 


FIBROPLASIA 


group from 13 to 17 years of age was limited 
by the early deaths. The percentage of 
mental retardation particularly associated 
with physical defects and low weight was 
high, This, in turn, lead to the recommenda- 
tion of admission to a state institution for 
retarded children, The percentage of normal 
children with blindness was very low. 

The second group, from 8 to 12 years of 
age, showed better physical and mental de 
velopment. Their growth and environment 
were adjusted earlier in life than in the first 
group. If possible, they were kept with 
sighted children of the same age group 
They entered school early in spite of handi 
The teaching of Braille at home, 
school, or at the State School for the Blind 
was not delayed. When no school was avail 
able, the home environment poor, the child 


caps. 


isolated, or when the child had incurable 
handicaps, the tendency was toward general 
retardation, 

The last group had the highest educational 
recovery value. Those who are classified as 
having excellent mentality were rated above 
the average normal blind child. It was ex 
pected that these children would maintain 
their adjustment to school. 


COM MENT 


Vision.—In most children the vision was 
severely affected, particularly in the first 
five-year group. If there was no ocular reac- 
tion to the focused light of a standard two- 
cell flashlight at 1 ft. (30 cm.), the vision 
was recorded as no light perception. Intense 
lights often gave a false reaction to localized 
heat. 

Retinoscopy, if possible, was done yearly, 
When sedation was needed for examination, 
pentobarbital (Nembutal) by rectum was 
given. If the child was uncooperative, gen- 


Educational Status of Children with Retrolental ibroplasia 


Physical 
or 
Neuro 
logical 
Defect 


Mentality 

Aver- Very 

age Poor Low Dead 
3 5 ) 10 10 
17 10 3 7 11 
4! 7 12 


Excel 
Jent 


Low 
Weight 
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I 
II 
IV 
y 
| | 
4 3 
11 8 6 
1 10 ‘4 


eral anesthesia was given. If the results from 
a refractive measurement actually made a 
definite improvement in vision, especially for 
full correction 
given for children over 8 months of age 


distance in myopia, a was 

In 
with 
fixed pupils, the most useful lenses were 


tried 


children with no accommodation and 


In high myopia, the prescription was 
adjusted for vertex distance. Not all chil- 
dren were myopic, for some had a high hy- 
peropia. In some children the correction of 
the refractive error made a marked social 
difference in life, In severe ametropia the 
eyes frequently were straight if the vision 
was low and equal in the two eyes. Vision 
greater than 20/200 was often associated 
with squint and fixation nystagmus. A very 
few children who had low vision were un- 
able to find a practical use for it because of 


mental retardation. 


Vision was not always static, For example, 
in one child the eye had a partly detached 
retina and a solid dark cyclitic membrane 
behind the pupil. Two years afterward a 
diagnosis of retrolental fibroplasia, Stage V, 
was made, At the age of 7 years the vision 
was 10/200, and the regression was such 
that the fundus was well seen and a retinal 
stalk with septa was present 

During the recent years have appeared the 


etlects of the milder form of retrolental 


ibroplasia, which have not been generally 


observed. The mild form of the disease be- 
came evident as myopia, amblyopia, anoma 
lous retinal vascularity, or strabismus near 
school age. The corrected vision varied from 
20/15 to 20/70, 

The children 
with retrolental fibroplasia is a major prob 


/ducation. education of 
lem. It is much more complex than the edu 
cation of child 
later in childhood 
the child 


normal environment of either overprotection 


a who has lost his sight 


In the severe form of 


blindness tends to have an ab 


or rejection, The lack of care and stimulation 
retard the child physically and mentally. 
Stimulation and companionship of other 
children are great factors in good prepara 
for school. 


tion Only a few of the older 
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A. ARCHIVES OF OPHTHALMOLOGY 
children with good residual sight in our 
In the 


metropolitan area of Chicago it is usually 


series had attended regular schools. 


possible for the parents to send a blind child 
to a sighted nursery school, The experience 
of being with sighted children and being ac- 
cepted by them is important for later life 
and helps overcome the mannerisms and 
emotional patterns of the blind child. Educa- 
tion is not only by the school but by the 
other children. 

In the early years of retrolental fibro- 
plasia, from 1937 to 194], the infant was 
considered to be a severely damaged child 
The 
future of the child was placed in the hands 
of the uninstructed parents. Now the child 
taken blind child and 
treated as a normal child until proved to be 


with an exceedingly doubtful future. 


is as an average 


otherwise. Frequently the child who had a 
good future was not permitted to develop 
and became retarded physically and mentally. 
Of course, some infants, in their fight for 
survival, had added handicaps which pre- 
vented recovery. These events may explain 
in part why so many were retarded in the 
first 10 years, from 1937 to 1946, 


Most of the children, when they became 
older, were instructed in reading Braille in 
city schools or in a state institution for the 
blind. A few were exceptionable students 
Che 
child fared better in the city school than in 


with high grades in school average 
Once established 
If no 
school was available, education was hindered, 


an institution for the blind. 


in school, the child tended to continue. 


and the child was more of an emotional and 
social problem. The environment at home 
was one of the determining factors in educa 
tion. 

Some children were retarded physically 
and mentally and were placed in a state in 
stitution for mentally retarded children, 
where they became irreversibly deteriorated. 
Only after much experience was it learned 
that some of these children had a recovery 
value, and placement in state institution was 
delayed until it was found that the condition 


of the infant was unchangeable 


A. 
4 
1 
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EFFECT OF RETROLENTAL FIBROPLASIA 


Mortality.—The death rate of these chil- 
dren with retrolental fibroplasia was sur- 
prisingly high—8&.5%. If the first 50 of the 
older children are taken according to age, 
the ratio was 16%. In the last 50 children 
the death rate was low—2%. There is no 
reasonable explanation for such a difference, 
for if the last 50 were followed for the same 
length of time, the rate would still be low. 

Most deaths resulted from intercurrent 
infection and neurological disease. Post 
mortem examinations showed no pathologi 
cal disease that was related to retrolental 
fibroplasia. Mineralogical section of the 
teeth gave no suggestion of a congenital dis- 
case. 

Neurological Aspects.—A tew infants in 
the hospital who survived only a few days 
under oxygen therapy presumably would 
have had a chance to develop retrolental 
fibroplasia if they had lived. These are not 
recorded as cases of retrolental fibroplasia 
A certain number of infants with anatomical 
and physiological defects, or with birth 
trauma, such as anemia and cerebral hemor 
rhage, were given oxygen for survival. In 
this group were the previable infants below 
1000 gm. birth weight and the infant whose 
respiratory mechanism was deficient. Many 
of these children would not have been normal 
even if they had survived. It was not unex 
pected, then, that some children with retro 
lental fibroplasia would be abnormal. 


It was not unusual that a child with retro- 


lental fibroplasia was stunted physically. The 


young child was frequently hypotonic, The 
musculature was flabby and undeveloped. 
The height and weight were less than aver- 
age for the age. Many times the child was 
the much smaller twin or was smaller than a 
younger sibling. This was particularly true 
if the child lacked years of stimulation. A 
blind child tended to develop his full weight 
and height if he had a normal activity. In 
passive infants delayed motor coordination 
was usual. Hemiparesis, bilateral spasticity, 
and foot drop were observed in’ younger 
children. Some children’ with sufficient 
stimulation who were no longer restricted 


later overcame their marked spasticity com- 
pletely. 

Klectroencephalograms of infants and 
older children with and without severe 
mental retardation with retrolental tibro- 
plasia showed no waves that were charac- 
teristic for the disease. Atypical waves were 
not uncommon, but they gave no indication 
of the specific kind of braim injury, 

Postmortem examination of the brains of 
children with retrolental fibroplasia showed 
no abnormal lesions that were characteristic 
for the disease. The common histological 
technique for brain sections does not neces 
sarily furnish evidence of brain damage 
Special methods should be employed to de 
termine the effects of anoxia and unusual 
vascularity. The rapid growth of the brain 
in childhood tends to obliterate or conceal 
any damage that occurs from overexposure 
to oxygen in early infaney, Although there 
was no histological proof for brain imyury 
in acute retrolental fibroplasia, it would not 
be surprising if it were discovered by a 
later investigation. 


SUMMARY 

Of 107 children from 4 to 17 years of age 
with retrolental fibroplasia who were fol 
lowed until the present time, 78 attended 
some kind of school, 16 were at home, 17 
were in a state institution for retarded chil 
dren, and 9 had died. The mentality was 
considered good in 71, poor in 20, and very 
low in 16 children. Physical or neurological 
defects were present in 24 children, and 
low weight or stunted growth was present 
sometime during life in 33 children, 

\ healthy infant, although blind, through 
proper stimulation and environment was 
commonly capable of becoming a useful blind 
adult. The factors which retarded the child 
temporarily or permanently were residual 
damage from birth, congenital defects, and 
lack of proper stimulation and environment 
Some infants who had a good developmental 
future were lost to institutions because the 
social conditions there for advancement of 


the child were not suitable. 
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ROBERT L. WEINER, M.D., Eloise, Mich. 
and 
HAROLD F. FALLS, M.D., Ann Arbor, Mich. 


Recent advances in the therapeutic arma- 
mentarium of the ophthalmologist have sim- 
plitied a number of problems concerned with 
ocular and 


infection There 


remains, however, an increasing incidence of 


inflammation. 


developmental, metabolic, and involutional 
disease to challenge the ophthalmic physi 
cian. It is becoming evident that the role of 
the gene looms ever more significant in the 
etiology of a large proportion of these latter 
entities. It is apparent, therefore, that the 


ability to recognize the “carrier states” of 
gene-determined pathological ocular traits 
iS most important both from the diagnostic 
This 
study resulted from the recognition by one 
of us (R. 


and from the prognostic viewpoint 


W.) of the female carrier state 
of intermediate sex-linked “choroidoretinal’’ 
degeneration (a tapetal-like retinal luster) 
during the refraction 


course of a routine 


heing performed the ophthalmological 
service of the Wayne County 


General Hospital 


outpatient 


It is proposed to present herein an addi 
tional family intermediate 


sex-linked retinitis pigmentosa (choroido- 


which exhibits 


retinal degeneration) in which the hetero- 
zygous females (carriers) may be identified 
by observing ophthalmoscopically the pre 
viously mentioned tapetal-like retinal lus- 
ter. This unusual retinal phenomenon has 
been previously described by Frost (1902),* 

* Frost, quoted by Arnold Sorsby in personal 
communication 

Chief Resident in Ophthalmology, Wayne 
(Dr. Wei- 
Associate Professor of Ophthalmology, and 
Research Associate in the Institute of Human Bi- 
Ann Arbor, Mich 


County General Hospital, Eloise, Mich 
ner) 


ology, University of Michigan, 
(Dr. Falls) 
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igmen losa 


Mann (1937 ),' Falls and Cotterman (1948 ),* 
and Sorsby (1951 ).* 


PEDIGREE 
This family constitutes Kindred 4119 in 
the the 
Heredity Clinic. 


files of University of 


The 


depicts 49 relatives of 


Michigan 
pedigree presented 
the 
propositus, of whom 7 were examined in the 
Ophthalmic Clinic of the Wayne County 
General Hospital and in the laboratory of the 
Kresge Eye Institute, in Detroit. In the fol- 


in Figure 1 


lowing section of this paper each individual 
member of the family will be identified by 
means of a double number, the first number 
(Roman numeral) designating the genera- 
tion and the second (arabic numeral) desig 
nating the order, from left to right, occupied 
in the generation. The propositus, or original 
patient, thus becomes IT1-33 and her father 
11-8. 


The propositus and her family reside in 
southeastern Michigan, but the majority of 
relatives live in northwestern 


her other 


Minnesota. Unfortunately, geographic dis 
tribution prevented more extensive study of 


this most interesting family. 


SUMMARY OF OCULAR EXAMINATIONS 

Every available member of the family was 
carefully examined to identify and describe 
the retinal pathology, as well as to rule out 
other ocular anomalies. With regard to the 
ocular findings of the more distant relatives 
we have been forced to accept evidence based 
on nonprofessional observations. 


(Propositus)—This 14-year-old 
girl was first examined on Nov. 13, 1953 


white 
The 
patient had worn glasses from the age of 9 to 11, 
but not since that time. She had no ocular com 


plaints. 


Her uncorrected visual 


acuity was right eve 20/50, left eye 20/4043 


External Examination 
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RETINITIS 


PIGMENTOSA 


UNIVERSITY OF MICHIGAN 
HEREDITY CLINIC 
KINDRED 4119 


I 


5 6 


2 3 
1-4 6 90 12 13-617 


mace 

© Femace 

rerinitis Picmentosa 
arrecteo 


Fig. 1. 


The 
pathology 


external examination revealed no ocular 


3iomicroscopy of the anterior segment of each 


eye was normal. 
Ophthalmoscopu The vitreous, 
disc, and retinal vasculature were normal in both 


Examination. 


eyes, 

The macular area of each eye presented a satis 
factory foveal reflex. 

In both eyes the immediate perifoveal macular 
area exhibited a tremendous deposition of golden, 
glistening, granular sediment which ramified into 
the surrounding retina in a spider-web fashion, be- 
coming less conspicuous as the retinal periphery 
was approached. The golden, glistening, granuloid 
deposition became more difficult to visualize in the 
periphery due to scanty pigmentation and resultant 
baring of the choroidal vasculature. 

Tonometric The tonometer tension in 
both eyes was 23 mm. of mercury (new Schiftz). 


Reading. 


Cycloplegic Refractions.—Refraction gave the 


following correction : 


Right eye: 1.00 sph—+2.00 cyl, 


20/20—3 


axis 105= 
Left eye 
-1 
Color Vision. 
in both eyes. 
Visual Fields——-Normal perimetric and central 
fields were demonstrated (isopters 3/330 white and 
1/1000 white) 
Other Tests 


—).75 sph +0.75 cyl, axis 80=20/20 


Ishihara chart tests were normal 


Blood Kahn 
ON Rur Fy* 


II-8.—This 43-year-old white man, the father of 


negative 


Blood type 


the propositus, was first examined on Novy. 19, 1953. 
The patient had worn glasses since the age of 12. 
A distinct deficiency in his night vision had been 


first noted at the age of 16. During the past five 


64660 0OmnD 


Pedigree of the F 


99 20-21 22 23 24 25-8 31-327" 33 34 635 


(ID examineo, NORMAL 
© “wean” 


@ CARRIER STATE, TAPETAL -LiKE 


Eves 


REFLEX 


J PROPOSITUS 


family 


years the patient had observed progressive loss o! 
visual acuity and constriction of his peripheral fields 
The patient’s uncor 
rected visual acuity was 6/200 in the right eye and 
4/200 in the left eye 

was 2/100 in each eye. 


External I:xamination 
The corrected visual acuity 

The external examination 
was essentially normal except for a mild periodic 
alternating divergent strabismus 


bilateral pingue 


culae, and arcus senilis 

Biomicroscopy of the anterior segment was nor 
mal except for moderate posterior subcapsular cat 
aract and scattered white minute opacities in each 
lens. 


Ophthalmoscopic Examination.—Extensive 


reous opacities were present in each eye 


vit 
Che optic 
The 
retinal vasculature was attenuated and thread-like 


The macular area of each retina presented a moth 


nerve heads were small, pale, and gliotic. 


eaten, grayish infiltration, as well as conspicuous 
gliosis. The intermediate retina presented numerous 
bone-corpuscular-like strands and clumps of pig 


ment. The smaller retinal vessels, especially the 


venules, exhibited perivascular accumulations o} 


pigment. The extreme retinal periphery disclosed 


an increased amount, as well as clumping, of 


the pigment 
atrophic 


The entire retina was conspicuously 


Tonometer Reading._-Tonometric tension was 
right eye 24.6 mm. and left eye 23 mm. of mercury 


(new Schigtz). 


( ycloplegt Refraction 
lowing correction 


Refraction gave the fol 


Right 
20/100 


Left eye 


eye §.25 sph_ +0.75 axis 165 


cyl, 


5.50 sph +0.75 cyl, 


Maddox rod measurements revealed 124 


axis 


of exo 
phoria and 24 of left hyperphoria for distance and 
244 of exophoria and 14 
33 em. 


of left hyperphoria at 


53) 


I als 
| ? 
“ 3? 49 
| 


Color Vision.—The patient could identify none of 
the color testing cards (Ishihara Seventh Edition) 
this 
particularly in view of the patient's con 


sO specific conclusion could be drawn from 


finding 
stricted visual fields and impaired visual acuity. 

Visual Fields 
constricted to 5 degrees of the fixation point in each 
5 mm. white test object at 1000 mm.) 

ests.—Blood Kahn 

Blood type—O MN Fy@ 

11-9.—The 45-year-old mother of the propositus 
was first Nov. 19, 1953 


no ocular complaints. Her ophthalmic examination 


Bjerrum sereen visual fields were 


eve 


Other negative 


seen on This patient had 


was entirely within normal limits 
Blood Kahn 
Blood type 
[11-34 


itus was first seen on 


negative 

O MN Fy@ 
The 13-vear-old brother of the propos 
Nov. 19, 1953 


complaints. The ophthalmic ex 


The patient 
had no visual 
amination was within normal limits except for an 
area of old inactive chorioretinitis in the left eye 
| dise diameter superior and temporal to the optic 


«lise 


Color 


lision. Ishihara chart tests were normal 


in both eyes 

Visual Ftelds.—Normal perimetric and Bjerrum 
screen fields were demonstrated (3/330 white and 
1/1000 white test objects) 

Blood Kahn 
MN Fy@ 
This ll-year-old sister of the propositus 
13, 1953 
The patient had worn glasses since the age of 8 and 


Other Tests negative. 
Blood type 


111-35 


was seen for complete work-up on Noy 


had no specific ocular complaints 

The uncorrected visual 
20/50, left eye 20/200. The 
corrected visual acuity was right eye 20/30+4-2, left 
eye 20/30—2 


Evxvamination 


acuity was right eye 


Ihe external examination was within normal 


limits in both eyes with the exception of a bilateral 
inferior 


folleular hypertrophy of the tarsal con 
junectiva 


Biomicroseopy of the anterior segment confirmed 
the follicular hypertrophy of the conjunctiva and 


was otherwise normal 


Ophthalmoscopic Examination.—The vitreous, 


dises, and retinal vasculature were normal in both 
eyes. The entire posterior pole of the fundus of each 
eye showed a peculiar golden, glistening, dust-like, 
striate deposition deep to the retinal vessels, which 
was 


more conspicuous at and about the macular 


area. These opacities became less numerous and 


faded out as the periphery was approached 
yeloplegic Refraction 
lowing correction 


Refraction gave the fol- 


Right eve 
20/304-2 


2.50 +2.50 cyl 125 


ARCHIVES OF OPHTHALMOLOGY 


Leit eye 
+3 


4.50 sph _ +2.50 cyl, axis 45=-20/30 
Not 


tension was normal in both eyes 


done, but 


Tonometric Examination 


finger 

Color Vision.—Ishihara chart tests were normal 

in both eyes. 
Visual lields 


fields were demonstrated 


Normal perimetric and central 
(3/330 white and 1/1000 
white test objects) 

Other Tests.—Kahn test 


O MN Riur 


negative 
Blood type 
III -36. 


was seen for complete examination on Noy. 27, 1953 


This 10-year-old sister of the propositus 


The patient had worn glasses since the age of 6. 
She had no specific ocular complaints except for 
poor visual acuity in her right eye 

External 
rected visual 
eye 20/50 


Examination. The patient's uncor- 
acuity 7/200, left 
The corrected visual acuity 
7/200 and left eye 20/30—-1, 
Maddox rod 
and 6A of 
10A of ex 
The 
right eye was obviously the larger of the two, and 
Hertel line 


99 mm. were right eye 20 mm. and left eye 15.5 mm 


was right eye 
was 
right eye A right 


exotropia Was present 
35A of 


hypertropia at 


measure 


ments disclosed exotropia 


right distance and 


otropia and 4A of right hypertropia at 33 cm. 
exophthalmometer readings at base 

Biomicroscopy of the anterior segment of each 
eye was normal 

Ophthalmoscopic Examination.—The right eye 
showed a number of strand-like vitreous opacities 
The disc was normal, and a temporal crescent was 
present. The 


area was devoid of pigment but showed a good 


vessels were normal. The macular 
foveal reflex. Conspicuous about the posterior pole 
were a myriad of golden, granular spots, which 
The 


through a very deficient choroid. 


faded toward the periphery sclera showed 
The left eye re 
vealed a normal vitreous, disc, macular area, and 
retinal vasculature. Situs inversus vasorum of the 
Ex- 
tending from the macular area to the periphery in 


disc was present and a nasal conus was noted 


decreasing concentration was a golden, glistening, 


striated, granular deposition deep to the retinal 


The retinal pigmentation was scant 
throughout the 


vasculature. 


entire eye \ golden, glistening 


pupillary reflex was particularly prominent on 


direct illumination of this girl's eyes. 


lonometric Examination.—T onometric 


readings 


were not done, but finger tension was normal in 
each eye. 
Cyeloplegic Refraction. 


were as follows 


The refraction findings 


Right eye 
7/200 


15.50 sph _ +1.00 cyl, axis 90= 


Left eye 


+2 


2.00 sph_ 42.25 cyl, axis 85—=20/30 


A. 
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Color ltston.—Ishihara charts were identified 


correctly with each eye 


I tsual Fields 
screen fields were demonstrated for 3/330 white and 
1/1000 white isopters 


Kahn test—negative 
O MN RR, Fy4. 


Phis 5 year-old brother of the propositus 


Normal perimetric and Bjerrum 


Other Tests 

Blood type 

[11-37 
had no ocular complaints. The ophthalmic exam- 
ination was entirely within normal limits on Dec. 3, 
1953 

Blood Kahn—negative 

Blood type—O M Ru 


had no ocular complaints 


y# 
This 3-year-old brother of the propositus 
His limited ocular exam 
ination presented no gross pathology on Dec. 3, 
1953 
Blood Kahn 
Blood type 
11-39 


itus showed no external ocular or ophthalmoscopic 


negative 
OM Ror Fy4. 


This 8-month-old brother of the propos 


abnormality at the time of his limited examination 
on Dee. 3, 1953 


ADDITIONAT 


DATA AS OBTAINED BY THE 


FATHER OF PROPOSITUS 


THI 


During the summer of 1954 the father 
(11-8) of the propositus saw several mem- 
bers of his family during a visit to Minnesota. 
He obtained the following information : 
Sister II-5 was seen and had normal vision. 
II{-19 
[11-22 
111-23 
Son II1-24 


sion 


Son (age 28) reported normal vision 


Son (age 24) had poor night vision 
Son (age 18) had poor night vision 


(age 16) reported poor night vi- 


Daughter 111-20 (age 26) reported normal vi 
Daughter III-21 (age 11) reported normal vi 
sion 
Sister was 


did her four sons 


seen and had normal vision, as 


Sister II-7 was seen and also had normal vision, 
as did her two daughters. 


MODE OF INHERITANCE 


The distribution of cases of retinitis pig- 
mentosa in the males and of the tapetal re- 
flex in the females in this family suggests 
the sex-linked which 


ol a rene 


produces both effects. As anticipated of an 


x-hborne gene, the observed carrier females 


RETINITIS 


PIGMENTOSA 


are the offspring of an affected father; his 
all 
portedly affected males in the third genera- 


sons are normal, Furthermore, all re 
tion are the offspring of a sister of the father 
of the examined carrier females. No atfected 
male, moreover, is the offspring of an af 
fected father. In respect to this latter point 
it must be admitted that the data are indeed 
insufficient. An alternative genetic hypothesis, 
that of an autosomal gene producing different 
phenotypes in the two sexes, must be men 
tioned, This need not warrant serious con 
sideration in that no male offspring of pa- 
tients manifesting clinical retinitis pigmen- 
tosa exhibited retinal degeneration 

We have concluded (utilizing, unfortun 
ately, considerable unsubstantiated and in 
direct evidence) that in this family the gene 
is located on the nonhomologous portion of 
the x-chromosome and produces clinically 
recognizable ditferent ophthalmoscopic re 


tinal manifestations in the two sexes, 


RESULTS OF TESTS TO DETERMINE THE STATUS 


IN CARRIER FEMALES 


OF RETINAL PHYSIOLOGY 


It is assumed that the tapetal-like ophthal 
moscopic reflex present in the heterozygous 
female carriers 1s an anatomic resultant of 
the presence of the pathologic intermediate 
The 


examination of these patients failed to reveal 


sex-linked gene usual clinical ocular 


any functional manifestation of the presence 
that 
and discriminating tests should be performed 


of this gene. It was felt more critical 


to investigate whether any aberration of 
retinal physiology existed in the female 
heterozygotes. These tests were carried out 


at the Kresge Institute, in Detroit, 


where Dr. Elek Ludvig aided in their inter- 


pretation, 
The following studies were performed on 
I11-33, 11-35, and II1-36: 


1. Dark adaptation 


tr 


Light difference sense 
3. Critical flicker frequency 
4. Stereopsis (Verhoeff stereoptor ) 
1. Dark Adaptation. 
each of these three patients to have normal 


This study revealed 


rates of dark adaptation, The average curve 
533 


2 
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A, 


appearing on each graph was obtained from 
three normal subjects by the method of slid- 
ing averages. 

2. Light Difference Sense.—The study was 
periormed on an apparatus so constructed 
that a spot of light of variable intensity ap- 
peared at random intervals on a screen of 
constant intensity of illumination. This spot 
of light subtended an are of 10 degrees at 
the level of the patient’s eye. The subject 
had merely to state whether the light was 
on or off. The fovea and contingent areas 
of the 


retina 2, 10, and 20 degrees from 


a 
@ 
z 
a 
=) 
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LOG BRIGHTNESS 


[ | | 
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A. ARCHIVES OF OPHTHALMOLOGY 


the fovea were tested in both eyes of I1I-33 
and III-35 and in the left eye of III-36. No 
definite abnormality in the light difference 
sense was demonstrated in any of these sub- 
jects. The light difference sense in the retinal 
areas 10 and 20 degrees from the fovea in 
the left eye of III-36 was interpreted as 
being at the upper limit of normal. 

This test 
2, 2; 8, 
and 20 degrees from the fovea in both eyes 
of II1-33 and ILI-35 and in the left eye of 
I 11-36. Only the foveal area of the amblyopic 


3. Critical Flicker Frequenc y. 
was assayed at the fovea and at 1, 


DARK ADAPTATION c F(IIT- 33) 


DARK ADAPTATION 


sF 


DARK ADAPTATION 


PF (Iu - 36) 


— 4+——+ 


4. 
wo W 


MINUTES IN THE DARK 


Fig. 2. 


Log curves of dark adaptation studies of three female (heterozygote) carriers 
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INTERMEDIATE SEX-LINKED 


eve of III-36 could be satisfactorily tested. 


The measurements obtained in the central 


retinal area of each child were interpreted as 
being within the normal range of critical 
flicker frequency. The recordings made of 
the retina surrounding the fovea of each pa- 
tient, however, were too variable to permit 
reliable conclusions other than that there was 
no gross diminution of critical flicker fre- 
quency in any of the three girls. 

4. Verhoe ff Stereoptor.—111-33 and III-35 
demonstrated stereopsis within the range of 
normal with instrument; III-36, as 
anticipated, had no stereopsis. 


this 


COMMENT 

The importance of the recognition of a 
tapetal-like fundus reflex present in female 
carriers is evident both from a diagnostic 
and from a prognostic viewpoint. The ge- 
alert will know im- 
mediately that such a reflex indicates that 


netically physician 
the female is the heterozygous carrier of the 
gene for retinitis pigmentosa (male state). 
This knowledge should stimulate the physi- 
cian to examine the remaining members of 
the available family and to construct a pedi- 
vree. Armed with this information, he can 
reliably postulate that each successive preg- 
of the “carrier” mother carries with 
it the potentiality of 50% normal male off- 
spring, 50% affected male offspring, 50% 


nancy 


carrier (heterozygous) female offspring, and 
50% normal female offspring. Of course, 
these ratios are subject to the whims of 
chance, particularly in the small families of 
modern times. Furthermore, the physician 
can inform the family that all of the female 
offspring of an affected male will be carriers 
of the pathologic gene and that all of his 
male offspring will be normal for the trait. 


RETINITIS 


PIGMENTOSA 


It is our hope that ophthalmologists will 
be stimulated to examine carefully all of the 
close relatives of patients having retinitis 
pigmentosa or its allied states even though 
these relatives report normal visual functions 


SUMMARY 


A family presenting intermediate sex 
linked retinitis pigmentosa is reported, This 
family study was instigated by the ophthal- 
moscopic discovery of the tapetal-like retinal 
reflex in female offspring of a male affected 
with retinitis pigmentosa. 

The routine clinical tests of visual fune 
tion failed to disclose abnormality of retinal 
physiology in the heterozygous carriers of 
intermediate sex-linked retinitis pigmentosa. 

Studies of dark adaptation, light difference 
sense, critical flicker frequency, and stereopsis 
likewise failed to reveal evidence of abnor 
mality in the visual physiology of the hetero 
zygous carriers. 

Recognition of the tapetal-like ophthal 
moscopic reflex will enable the ophthal- 
mologist to draw conclusions of diagnostic 
and prognostic value with regard to the 
presence and mechanism of transmission of 
retinitis pigmentosa in a given family. 
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Hereditary Epithelial Dystrophy 


Genetic, Clinical, and Pathologic Study 


FREDERICK W. STOCKER, M.D., Durham, N. C. 
and 
L. BYERLY HOLT, M.D., Winston-Salem, N. C. 


During the year 1952 three patients—a 
62-year-old man, a 66-year-old man, and a 
t-year-old boy——presented themselves in the 
office of one of us (L. B. H.). The first 
needed a certificate for Blind Assistance ; the 
second wanted a prescription for glasses, and 
the child was brought in because of a slight 


injury. All were active and in good health. 
None was concerned with the unusual con- 
dition of the cornea with which they were 
found to be afflicted. Inquiry revealed that 
all had common ancestors and relatives who 
were known to have or to have had poor vi 
sion, After examining several patients of this 


90th Annual 
Meeting of the American Ophthalmological Society 


at Glacier Park, Mont., June 18, 1954 


Read in abstract form before the 


The reproduction of colored photomicrographs 
Bank for 
Restoring Sight, Inc., in Winston-Salem, N. ¢ 


was made possible by a grant of the Eye 


FAMILIAL EPITHELIAL CORNEAL DYSTROPHY 


AEPORTED AFFECTED BUT 
NOT EXAMINED 
AFFECTED AND EXAMINED 


Fig. 1. 
reported to have been diseased 


Pedigree comprising four living generations with ancestors in four generations 
Simple dominant heredity is evident. 
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HEREDITARY 


EPITHELIAI 


CORNEA! 


group, we initiated an investigation in two 
ways. First, by examining as many members 
of the family group as possible and getting 
information on former generations from all 
available sources, a pedigree was established. 
Second, a careful clinical study and a histo- 
logic examination of obtained 
through therapeutic keratoplasty were con 
ducted. 

The the 


corneal disease was prevalent in a group of 


specimens 


genetic investigation revealed 
people who were direct descendants of Mora- 
vian settlers in the area of Winston-Salem, 
N. C. 


sect, 


The Moravians, a Protestant religious 


came from an area near Dresden in 
Saxony, East Germany, and first settled at 
tethlehem, Pa., in 1741. In 1753, a group 
of these immigrants moved to the area of 
Winston-Salem, N. C., where their descend 
still live.’ Over 200 persons of this 


group were examined 


ants 
‘Twenty were found 
to have the disease. They all belong to a 
group of descendants of one of the original 
Moravian settlers of 1753. From the pedi 
gree (Fig. 1), it may be seen that the hered 
ity is of the simple dominant type, as men 
and women are equally affected 

The youngest exhibiting the corneal dys- 
the oldest 70 
vears. Others were distributed throughout 


trophy was aged 7 months, 
all age groups. It is most probable that all 
patients, at least to some degree, had the dis 
ease at birth or in early childhood, although 
the condition seems to have a tendency to get 
more conspicuous with age. In no case could 
we demonstrate the development of the dys 
trophy in a person that previously had been 
known to be perfectly normal. 


Fig. 2.—Biomicroscopic appearance of the cornea 


in the regredient light. The whole cornea is studded 
with minute droplets. 
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Fig. 3 


Semischematic 
seen with the biomicroscope 


drawing of the cornea as 
Small whitish dots 
and serpiginous lines are present in the most super 
ficial layers. The endothelium shows a normal 
pattern, with no signs of cornea guttata 


The most important symptom was blurred 
vision. Visual acuity ranged from 20, 25 to 
20/000, being around 20/50 in most cases. 
blind. 
This may account for the fact that little at 


tention had been attributed to the existence 


Thus, few could be termed actually 


of the anomaly in individual cases. Other 
subjective symptoms were occasional itching, 
burning, and watering of the eyes. Many 


cases, however, were symptomless except for 
the visual disturbance 


The clinical picture of the disease was sim 
ilar in all cases observed. There were, of 
course, some differences in the severity of the 
pathologic changes, but principally the same 
appearance was present throughout. The eye 
was either without or with only slight con 
junctival irritation. In ordinary light the cor- 
nea appeared quite clear or showed only a 
minimal When diffusely tluminated 


with the slit lamp and examined with the 


haze 


binocular microscope, the cornea assumed a 


definite haze and the anterior surface ap- 
peared studded with fine grayish punctate 
opacities. In most of the cases, these were 
spread over the entire area of the cornea, On 
instillation of fluorescein, the whole corneal 
surface showed numerous punctate staimings 
In the regredient light, these opacities had 
the appearance of small to minute droplets 
(Fig. 2). With foeal illumination, it could 
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« seen that the opacity was located in the 
Fine ser- 
piginous grayish lines were also present. 


very anterior parts of the cornea. 


These were seen only in certain parts of the 
cornea and sometimes were arranged in 
whorls (Fig. 3). On examination with the 
beam, an exact localization of the 


lesion could be made. It was quite clear that 


narrow 


all the changes were located anteriorly to 


Kowman's membrane. The epithelial sur- 
face was slightly irregular. The small space 
between Bowman's membrane and the sur- 
lace was irregularly opaque and showed 
many round white dots. It was assumed that 
these dots represented the cross sections of 


the white lines previously deseribed as seen 


Fig. 4 
of the slit lamp. The small space between Bowman's 
membrane and the epithelial surface is diffusely 


The cornea as seen in the narrow beam 


The 
The 


opaque and shows numerous whitish dots. 
corneal stroma is of normal appearance. 
posterior surface of the cornea is smooth 

Beneath Bowman's 
membrane the corneal structure was normal, 


with focal illumination. 


showing only the differences in transparency 
as seen in different persons and in different 
age groups. Descemet’s membrane was with- 
out folds, and its posterior surface was 
smooth (Fig. 4). There were no signs of 
edema of the stroma. The thickness of the 
In the specular or di- 
rectly reflected light of the slit lamp, the epi- 
thelium had an appearance very similar to 
that observed in cases of corneal edema due 
to acute glaucoma or Fuchs’s endothelial and 
epithelial dystrophy ; that is, glittery, droplet- 
like elevations were spread over the entire 
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surface of the cornea. There was no predi- 
lection for the central parts of the cornea, as 
1s typical for early Fuchs’s dystrophy. With 
the same technique, it could be demonstrated 
that the endothelium was normal, exhibiting 
No 


edema of the endothelial cells and no excres- 


the characteristic honeycomb pattern. 


cences on Descemet’s membrane were pres 
ent (Fig. 3). The corneal sensitivity was 
greatly reduced in most of the cases. 

In one case, in which the visual acuity was 
reduced to 20/400, a total lamellar corneal 
graft was done. The tissue removed allowed 
a thorough pathologic study of the diseased 
part of the cornea. Routine staining of sec- 
tions with hematoxylin and eosin would 
demonstrate the lesions to some extent, but 
only when a modified periodic acid-Schiff 
stain was used could they clearly be differ- 
entiated the other the 


from structures of 


cornea 
The corneal structures back of Bowman's 
membrane were normal. PBowman’s mem- 
brane itself stained a light purple color, only 
little different from the stroma, as in a nor 
mal specimen (Fig. 5). At no place was the 
membrane broken, allowing the pathologic 
Instead of a 
thin basement membrane, as seen in a normal 


process to invade the stroma 


specimen, there was an amorphous layer of 
a dark-red-stained substance interposed be- 
tween the surface of Bowman’s membrane 


and the epithelium. Its thickness varied 
greatly from a slightly exaggerated basement 
membrane to spindle-formed obtrusions oc- 
cupying as much as half the thickness of 
the epithelial layer. In some places, pecul- 
iarly shaped pedunculated excrescences were 
present (Fig. 6). Sometimes it seemed as if 
the basement membrane had been separated 
from Bowman's membrane, the space be- 
tween the two being occupied by a slightly 
less dark-red-stained mass. In a few places 
a weird arrangement of alternating dark-red 
and light-purplish layers could be seen (Tig. 
7). The epithelium itself showed marked 
changes. The number of layers present 
varied greatly. In some places there were 
six to seven layers of cells; in others, only 


two to three. The individual cells were very 
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irregular in shape and size. In no place could 


the palisade-like arrangement of the basal 
layer be recognized. Most of the cells were 
vacuolated. In some instances, several cells 
had merged, thus forming cystic structures. 
The closer to the surface the more degener 
ated were the cells. Sometimes, near the sur 
face, the individual cells could no longer be 
identified, as they had degenerated and were 
transformed into an 


irregular stratified 


mass. In some instances, it could be seen 
that cystically enlarged cells were protruding 
above the surface or had burst, with extrusion 
of their content. Whereas the cytoplasm of 
the deeper layers was of a slightly purplish 
pink, the more superficial ones contained 
more dark-red material, sometimes forming 
clumps or granules. Some dark-red material 
also seemed to accumulate in the intercellu- 
lar spaces, especially in the medial and super 
ficial Very 


normal 


layers. few nuclei were of ap 


Most of 
them showed marked changes in shape and 


proximately appearance 


structure. In some instances, they were com 
pletely disintegrated and reduced to darkly 
stained granules 

After it had become evident that, owing to 
a central opacity that developed in the graft, 
the lamellar corneal transplant had not pro 
duced the desired improvement in visual 
acuity, a partial penetrating graft was done 
on the same cornea. This made available for 
examination also the posterior part of the af 
fected cornea. It could be demonstrated that 
Descemet’s membrane and the endothelium 
were perfectly normal. Thus the differentia 
tion of the disease from Fuchs’s endothelial 
dystrophy which had been established clini 
cally was confirmed by histologic findings 

One may speculate about the significance 
of these pathologic findings. ‘The combina 
tion of periodic acid with fuchsin-sulfuronic 
acid (Schiff's reagent) has been widely used 
in the recent to demonstrate carbohy- 
Lilly? MeManus,* 


In ophthalmic pathol 


past 
drates tissues” by 
and others 
ogy, the method was first used by Frieden 
wald.” If the polysaccharides of tissues are 


treated in this wavy, they are identified by 


* References 3 and 4 
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their ability to recolorize the Schiff stain. 
Several modifications and counterstains were 
used, Epithelial basement membranes were 
found by Lilly * This, of 


course, is true also of the corneal epithelium, 


to be stained red. 


as we could demonstrate in numerous routine 
slides from eye specimens treated with this 
5). Re 
confirmed these 
findings. In our case of epithelial dystrophy, 
it can be clearly demonstrated that the path 


method for general interest (Fig 
cently, Teng and Watzin 


ologic substratum is to be differentiated from 
Bowman's membrane by its difference in 
staining properties. Bowman's membrane re 
mains intact and stains as in a normal speci 
men. On the other hand, this material stains 


not unlike Descemet’s membrane. Since 
Descemet’s membrane is thought to be se- 
creted by the corneal endothelium, it seems 
logical to assume that the pathologic material 
in our case, which is located between the epi 
thelium and Bowman's membrane, may be 
the product of the diseased epithelial cells, 
This theory is supported also by the fact that 
material of the same staining properties can 
he demonstrated within the epithelial cells 
themselves the periodic 


acid-Schiff stain is not specific enough to tell 


Unfortunately, 


us exactly with what compound we are con 
fronted. Starch, cellulose, glycogen, glyco 


proteins, mucins, and various other sub 
stances containing carbohydrates are stained 
almost alike. l¢fforts are being made to make 
the stam more specific by altering the tech 
[out 


tatement as to the 


nique and using different counterstains 
it is too early to make any 
metabolic process involved in this epithelial 
pathology. It can be said, however, that the 
This is 
an important fact for the differential diagno 


sis and the clas 


process is limited to the epithelium 


ification of the disease 


COMMENT 

Krom the pedigree, simple dominant hered 
ity can be demonstrated, No exclusive link 
age to one sex is evident. Clinical observa 
tion and pathologic studies make it clear that 
the process is confined to the epithelial lay 
ers. kor that reason, the disease must be dif 
ferentiated from the granular and lattice type 


corneal Bucklers’ * 


dystrophies ot 


triad, 
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which are also dominant in heredity but defi 
nitely involve the deeper structures of the 
cornea. As far as we could see, the entity of 
dominant hereditary epithelial dystrophy has 
never been reported as such in this country 
In searching the European literature, we 
found four reports (Pameijer,” 1935; Mees 
mann and Wilke!" 1939; 


1946) which may have dealt with the same 


and Burka, 


S0ck,' 
condition we have described. Some diserep- 


ancies, however, exist 


Pameijer reported 
the presence of a great number of small pun 
tate or drop-like opacities located in the very 
superficial layers of the cornea in a mother 
her &-year-old the 


three 


and 


son, as well as in 


inother’s sister and in her 


daughters, aged 11 and 9 years, respectively 


two of 


Meesmann and Wilke produced a more com 
plete report. They found 34 persons belong- 
iny to three families living in Holstein (Ger 
many) to be affected with a corneal lesion 
that was composed of numerous grayish spots 
located in the epithelial layers of the cornea 
lhe endothelial 


ome cases, whorl-like opacities were seen 


pattern was unaltered. In 


and thought to be within Bowman's 


mem 
brane. The condition was observed in adults 
and children as young as 3 years old. Domi 


nant heredity was demonstrated, The condi 
tion was steadily progressive, with episodes 


child 


Some cases showed corneal sears fol 


of irmtation 
hood 


lowing ulceration and secondary infeetions 


occurring, especially in 


Burki reported 42 descendants of a presum 
ably diseased ancestor who showed a condi 
tion similar to that reported by Meesmann 
and Wilke 
both 


In this group, living in Switzer 
and adults, 
affected. Whereas 


and Burki had made no pathologic studies, 


land, children men and 


were Pameijer 
Meesmann and Wilke examined serapings of 
the cornea from sears which had formed after 
uleeration, Their tindings, therefore, differ 
from ours in some instances. They described 


vacuolation of epithelial cells and, using 
test's stammimng method, found that these con 
tained glycogen. The authors, however, failed 
to demonstrate the typical exudations overly 
ing Bowman's membrane found by us. Since 
our sections were made from tissue unaltered 
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hy secondary changes, our findings should be 
regarded as the typical pathology of this dis- 
case 

The condition most likely to be confused 
with the picture described here 


is Fuchs’s 
endothelial and epithelial dystrophy.+ There 


Is, at first glance, a certain likeness in the 


appearance the 
“specially, the slightly protruding 
epithelial cells, giving the effect of 
pimples” 


of the superficial layers ot 
cornea 
“moose 
in the direct reflected light of the 
ship lamp, look quite similar. There are, 
however, several fundamental differences be 
tween the two. In the condition referred to 
here, there is no edema of the corneal stroma. 
which is not thickened. There are no epithe- 
lial bullae, and the endothelium shows a nor 
mal pattern, excrescences on Descemet's 
membrane being wholly absent 

\nother type of corneal dystrophy show- 
ing some similarity to the cases we are re 
porting is the so-called “whorl-type” dys- 
trophy or “cornea verticillata,” reported by 
Fleischer ! (1910), (1930), Vo 
(1931), and Gruber '® (1946) All 


that is 


Lutz 
gels ' 


these condition 


des« ribe a 
the 


grayish lines arranged in a whorl-like man- 


authors 


characterized by presence of numerous 
ner and spread over the whole cornea. These 
may, at first glance, have some similarity to 
the white serpiginous lines described in our 
cases. The epithelium, however, is smooth, 
and the lines are located either within Bow 
man's membrane or in various parts of the 


\Ithough there 


nant heredity, as in our cases 


stroma seems to be domi 


there ts suffi 
cient difference in the two forms to permit 


\lso, 


the two forms do not occur concurrently in 


their classification as different entities 


any group of persons 

One other condition to be considered for 
differential diagnosis is the type of dys 
trophy reported by Bucklers,’? 1949, which is 
characterized by a glassy appearance of the 
cornea, Bowman's membrane appears to be 
broken up and split, and grayish figures are 
present in Bowman's membrane. The deeper 
stroma 1s not 


+ For detailed 
see Stocker.'* 


markedly affected. Bucklers 


reference on Fuchs’ dystrophy, 
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himself rightly differentiates his cases from 
all other dystrophies, including the one re- 
ported by Meesmann and Wilke 

Finally, as to the possibility of influencing 
the course of this corneal dystrophy by thera 
peutic measures, in most instances no treat 
ment 1s necessary as long as the visual acuity 


is not drastically 


the 


cases, Clearing agents, such as glycerin, or 


reduced. In severer 
cortisone and hydrocortisone, were tried, 
but with no avail. The only logical and ef 
lective treatment to be applied in severe cases 
appears to be corneal transplantation. Since 
the lesion is definitely confined to the most 
superficial parts of the cornea, anteriorly to 
sowman’s membrane, lamellar corneal graft 
ing may be indicated. We performed this op 
eration in one case but did not obtain any 
substantial improvement of vision, evidently 
heeause a centrally located corneal opacity 
had developed. A subsequent partial perfo 
rating graft, 7 mm. in diameter, improved 
vision from 20/400 to 20 ‘60 


SUMMARY 


\ rare familial epithetial corneal dystrophy 
is described which was found to be present 
in 20 persons comprising four generations, 
all descendants of a Moravian settler who 
came to the area of Winston-Salem, N. C 
in 1753 


onstrated 


Simple dominant heredity was dem 


The purely epithelial character of the dis 
ease was confirmed by biomicroscopy and 
pathologic studies. The lesions, located be 
tween Bowman's membrane and the epithe 
lium, were clearly differentiated from Bow 
man’s membrane by the periodic acid-Schiff 


stain 

The only treatment advised for the severer 
cases 1s corneal transplantation, which was 
successfully performed in one case. 


Biomicroscopic drawings are by Mr. R. O 


Beach, Department of Medical Illustration, and the 
photomicrographs, by Mr. Carl M. Bishop, Depart 
ment of Pathology, of Duke University School of 


Medicine 
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Effects of , and Sleep upon 
Amplitude of Oculogram 


EUGENE ASERINSKY, Ph.D., Philadelphia 


The electro-oculogram (HOG) may be de 
fined as a record of eye movement based on 


the detection of the D. C. potential of the eye 


and subsequent electronic magnification. De- 
pending upon whether a D. C. or a capaci 
tance-coupled amplifier is employed, the am- 
plitude of the LOG will be subject to differ- 
With a D.C 


for instance, the amplitude of the OG wall 


ent interpretation, amplifier, 
hear a relationship to the angle of ocular rota 
tion. llowever, regardless of the type of in 
strument used, it is evident that the resultant 
5 must also be a function of the magni 
tude of the resting potential of the eye. Ex 
perimental procedures which alter the eye 
potential can be expected to affect the HOG 


accordingly. Although several papers * re 


late their results to the D. C. potential of the 
eye, the relationship is indirect, inasmuch as 
kOG's rather than eye potentials were re 
corded 


Significant changes of the 1D. ¢ pote ntial 


of the rabbit eye have been wrought by illu 


mination and metabolic inhibtors In man, 


the OG has been modified by acapnia in 
duced through hyperventilation.’ However, 
reports on the etfect of dark and light adapta 
tion of the eye upon the OG in man are not 
Miles 
(hOG) 


when recorded from the closed eve 


entirely clear. reported that the eye 


potential was significantly higher 
Later 


Now Instructor, Department of 
Jefferson Medical College 


Physiology, 


From the Physiology Department of the Univer 
sity of Chicago. This study was carried out under 
a U. S. Public 


* References 1 through 3 
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Health Service Fellowship 


Miles 


minutes at two levels of illumination, the eye 


indicated that at the end of 5 and 10 


potential (Ot,) was definitely lower when 
Calla 
han and Redlich® reported that blink waves 


recorded from the dark-adapted eye. 


(LOG of the eye movement during blinking ) 
were identical when recorded in daylight and 
in complete darkness 

The present report deals with a series of 
tests conducted on five men to determine the 
effects of retinal adaptation and of sleep upon 
the amplitude of the electro-oculogram 


METHOD 


Pick-up electrodes were applied to the inner and 
external canthi of the 
led to 


right eye and the potentials 
a Grass electroencephalograph set at the 
KG) 


instructed to fixate alternately upon two dimly lit 


longest time constant. The subjects were 


ophthalmoscope bulbs placed about 15 ft. 
that the eye 


away so 
rotated horizontally 

From 4 to 10 
| 


each direction 


over an angle of 


23 degrees wings were executed in 
This was performed after light adap 
tation of 5 to 15 minutes’ duration in a moderately 


dark 


a room completely dark except tor 


illumimated room and after adaptation of 5 to 


17 minutes in 


the two fixation lights, which were slightly above 


shold. 


the dark-adapted visual thre 


Records were taken after uccessive alternate 


periods of dark and of light adaptation prior to 


to sleep lour ubjects were rete ted Wn 


mediately upon awakening the following morning 


Phe room was maintained completely dark through 
out the period of sleep so that the initial test in the 
morning could be 


conducted in the absence of prior 


hight conditioning 


Phe mecan OG 


potentials for nasalward and 


temporalward movement at the end of the 


dark 


arbitrarily set at 


first 


period of adaptation prior to sleep were 
Then the 
succeeding tests were converted 
the EOG's 


for nasalward and temporalward movements pre 


100 units respectively 
EOG values for the 


to units based on these standards. Since 


sented essentially identical results, the values in 


4 
4 


ELECTRO-OCULOGRAM—ILLUMINATION 


AND SLEEP 


LOG OF ELECTRO-OCULOGRAM POTENTIAL 


i 


> 


a 
i 


| 2 3 4 


5 2 


CONSECUTIVE TRIALS OF EYE MOVEMENT 


of the 
and atter sleep 


Fig. 1.—Changes in amplitude 
ght th betore 
at the end of the first period of dark 
of the remaining 

the FO, pe at 


adaptation be 


ymbol 


tential the end 


at the end i dark 


re based on tl of the arbi 


trary derived tor be 


lward and the 


temporalward movement 1 80” would repre 


erage redu 


tion potential by 
that 
he 


the 


1 reference to obtained tor 


the first te betore going to 


slee p 


ibsolute value potentials tor 


ndividual subject he start of the 


xperiment 


ere 182, 183, 203, 213 nd 247uy re 


RESULTS 


kor graphic purposes some of the results 
1) 


irbitrary 


are ¢ 


lig xpressed as logarithms of the 


units which were described 


thove. At the end of approximately 10 min 
utes of light adaptation, the OG amplhituce 
(p < 0.01) higher than at 
the end of a comparable period of dark adap 
11% 


depending upon the individual and 


was significantly 


tation. This increase ranged from to 
208%, 
other circumstances. Superficial examination 
of the data suggested that succeeding periods 
of dark adaptation resulted in lower and lowe 
LOG amplitudes until a plateau was reached 
\ statistical analysis suppe rted that observa 


tion. The mean F.OG amplitude of the second 


electro-oculogram 
Phe 


adaptation be 


ol 
adaptation period 


alter suces 


sive periods of dark 
oting the pote 
gnated as LOO units for 
represent i yiibol 


doot thot ‘ 


and 
mibol (dias tla 
lore leey Na 
wl 


a peri n closed 


period ot dark adaptation betore sleep Wa 


lower (f Q.05) than the mean value for the 
first period of dark adaptation before 
\ithough the 


thon alter 


leep 
econd period of dark adapta 
leep yielded similarly lower mean 
OG value than the preceding period of dark 
difference wa 


might and morning test 


adaptation, this not stati 


tically siynificant wever, by combining the 


data trom the , and 
the 
OG amplitude of the second dark adaptation 
(p 
end of the 


econd and 


ecuring mean values tor the subject 


period was found to be significantly 


Q.O001) lower than it was at the 


previou 


thre 


dark adaptation pt riod 
's 


means 


lor it the end of the 


third periods of dark adaptation before 


leep 


were pra tically the ame 


One might have expected that an extremely 
lony ! dark adaptation, Silt h as Cristie d 


with a night’s sleep, would either have further 


lowered or have not changed the OG amphi 


tude relative to the second or third dark 


adaptation period just prior to sleep, The con 


trary wa 


uyvested by the data. Immediatels 
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upon awakening in the morning, the mean 
LOG amplitudes were from 29% to 51% 
higher (p - 
ond dark adaptation period of the night be 


0.02) than at the end of the se 


lore 


The KOG amplitude at the end of succeed 
ing periods of light adaptation showed a 
downward trend before sleep, but this was not 


statistically significant 


Samples of KOM; amplitude taken at ap 


proximately minute intervals during light 


and dark adaptation confirmed in general the 
dark 
My 


observation that an increasing level of 
adaptation resulted in a decrease of 


amplitude, whereas an increasing level of light 


240; © nosolword mvt. 
@ temp'tw'd mvt 


Lad 


° 


S 


4 
180 
d 


19) 2 4 6 8 10 


MINUTES AFTER ILLUMINATION 


hig. 2.-Eleetro-oculogram amplitude during the 
course of light adaptation of the eve. Th 


conducted 


tests were 


10-minute period of 


lark adaptation 


ifter a 


idaptation caused an increase of KO; ampli 
tude. However, the changes of KOG ampli 


tucle typical 


were not necessarily linear. A 


OW curve during light adaptation (Fig. 2) 
indicated that the EOG amplitude did not 
had 
lact, 


there was an initial decrease in amplitude at 


change radically until the illumination 


heen on for three or tour minutes: im 
the end of the first minute in two cases. On 
the other hand, the data suggested that the 
Os amplitude decreased steadily from one 
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minute after illumination was turned off until 
a plateau was reached, about five or more 
minutes later 

COMMENT 


\ithough the FOG potential was elevated 
by illumination, the change did not appear to 
be linear with time, Retinal light adaptation 
is extremely rapid and generally completed in 
Yet, the KOG 
amplitude at the end of one minute’s light 


one to two minutes ( Adler *) 


idaptation has hardly begun to rise or may, 
indeed, have fallen. This failure of the EOG 
to parallel sensory adaptation is in accord 
with Noell’s postulation * that the major com 
ponent of the D. C. potential of the eye has 
its origin in the retina-choroid barrier rather 


than in the activity of the sensory cells 


In view of the few subjects involved in 
these tests, the apparent increase in FOG am 
plitude after a night's sleep as compared with 
the amplitude at the end of a dark adapta 
tion period immediately prior to retiring must 
he aceepted for generalization with caution 
Nevertheless, retrospect such a change 
would not be surprising. The increased KO, 
amplitude could possibly have resulted from 
metabolic change directly affecting the mag 
mitude of the D.C. potential of the eye. On 
the other hand, since a capacitance coupled 
amplitier (Grass) was employed, the ampli 
tude of the FOG could have been affected by 
changes in velocity of eve movement \n 
increased velocity in the morning could have 
accounted for the observed EOG change 
Phat the latter explanation is distinctly pos 
sible ts supported by evidence * that there is 


a diurnal variation of the velocity of eve 


movement 
The ¢ 


styled as a “steady” potential, in contrast to a 


potential of the eye has been 
phast potential such as exhibited by the ele 
“steady 


Hursh 


shown that the FOG potential has a relativels 


troretinogram. -Llowever, the term 


may be misleading. Fenn and have 


small variance in day-to-day measurements 


on the same subject. Yet this variance can 
assume tremendous importance in the absence 
of large samples. For example, in the above 


mentioned paper,” seven measurements on dif 
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ELECT RO-OCULOGRAM—ILLUMINATION 


ferent days for the same subject ranged from 
0.16 to 0.25 mvy., an extreme variation of 
about 50% 

Certain conclusions which have depended 
on accurate measurement of LOG amplitude 
and consequently on the “steadiness” of the 
d. ¢. potential of the eve may require reevalua 
tion. Bergman, Nathanson, and Bender * con 
cluded on the basis of HOG: amplitude that 
sodium amobarbital reduced the velocity of 
gaze movements and of blinking. Yet it is 
possible that the reduction of LOG amplitude 
was due to an effect of the drug upon the d. « 
potential of the eye rather than upon oculo 
motor performance 

In investigations where ocular motility was 
judged quantitatively from the LOG while 
the subject’s eyes were shut in order to dif 
ferentiate ecrtain pathological conditions '" o1 
to measure the intensity of nystagmus,'! the 
question arises as to whether uncontrolled 
duration of eye closure in itself may have 
altered the amplitude of the LOG through a 
dark adaptation effect. Furthermore, 1 a sec 
ond trial were executed with the eyes closed, 
an additional change in the KOC: may have 
resulted 

Finally, there is the decision reached by 
Lion and Brockhurst '* that in a severe stress 
situation involving extremely rapid movement 
of the eyes over a 0O0-degree are, some of the 
subjects eventually failed to move their eyes 
over the complete distance. This judgment, 
too, was based on the amplitude of the OG 
They explained this phenomenon as due to 
the subjects’ becoming satisfied with an extra 
foveal image. However, it is questionable 
whether normal eyes can fixate extrafoveally 

\ccording to Adler,’* the fixation reflex 1 
extremely potent and, once the image 1 
within a few degrees of the macula, will cause 
the eve to move reflexly so that the fovea 
will receive it. From a sample record illus 
trated in Lion and Brockhurst’s paper,'* the 
amplitude of the FOG (d.¢. amplifier record 
ing) was reduced about 14% at the end ot 
5 minutes of stress and about 27% at the end 
of 10 minutes. If this is to be interpreted a 
due solely to the eves’ traversal over a shorter 


arc, then, according to the relationship * estab 


AND 


SLEEP 


lished between the amplitude and the 
degrees of ocular rotation, the eyes, after 10 
minutes, moved circa 60 degrees instead of 
the initial 90 degrees. Consequently, the 1m 
age would fall about 15 degrees peripheral 
to the fovea and the visual acuity would be 
reduced to less than 20% of the acuity for 
the fovea. Extrafoveal fixation, if at all pos 
sible, would have had to be performed ata 
relatively low level of visual acuity, and an 
unverified habit formation would have had 
to intervene, \ plausible alternative explana 
tion for the observed reduction of LOG am 
plitude might be in the possibility that the 
ae potential of the eve was changed by or 


during the experimental procedure 


SUMMARY 


Dark and light adaptation of the eye sig 
nificantly alter the amplitude of the electro 
oculogram, but the changes do not appear to 
parallel the temporal course of retinal adapta 
tion. The KOG amplitude of the dark-adapted 
eve decreases with subsequent testing under 
the conditions of alternating light and dark 
adapt ition trials 

Sleep may increase the HOG) amplitude 
above a presleep minimum level, but it is not 
known whether this effect is due entirely to 
a diurnal increase of eye movement velocity 


or to an increase of the d, ¢ }« tential ot the 


Phe interpretation of the results of other 
investigations are discussed in view of the 
possible variability of the electro-oculogram 
as a result of changes in the magnitude of the 


resting potential of the eve which occurred 


unintentionall 
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News and Comment 
BY Dr. W. L. Benepict 


GENERAL NEWS 
Postgraduate Course in Ophthalmology, Brazilian Society of Ophthalmology. 
The First Postgraduate Course on Ophthalmology, sponsored by the Brazilian 
society of Ophthalmology, took place in Kio de Janeiro, Jan. 10 to Feb. 5, 1955 
Dr, Almiro Azeredo was the director, and the teachers were Professors Abreu 
lialho, Almiro Azeredo, Barbosa Luz, Eevaldo Campos, Jonas Arruda, Joviano 
Rezende, Luis Novias, Luiz Eurico Ferreira, N. Moura Brazil, Paulo Pimental 
Kafael Benchimol, R. Fernandes, R. Rolin, and Werter Duque Estrada. 
lhe following courses were offered 
lhirst week Anatomy, histology, and physiology related to the eye, including laborator 
studies 
Second week: Kye examination and pathology 
lhird week ye examimation and pathol “ZY 


Fourth week Kye surgery, including the training of surgery in the eyes of anima 


\ttendance was limited to 16; tuition was 1000 cruzeiros 
The Second Postgraduate Course will be held from Feb. 28 to March 26, 1956 


American Academy of Ophthalmology and Otolaryngology Home-Study 
Courses. he 1955-1956 Home Study Courses in the basic sciences related to 
ophthalmology and otolaryngology, offered as a part of the educational program 
of the American Academy of Ophthalmology and Otolaryngology, will begin 
on Sept. | and continue for a period of 10 months. Detailed information and 
application forms can be secured from Dr. William L. Benedict, the executive 
secretary-treasurer of the Academy, 100 First Avenue Building, Rochester, Minn 
Registrations should be completed before Aug. 15 


PERSONAL NEWS 
Gold Medal of Centro de Estudos de Ophthalmologia Awarded. —A\t a specia! 


meeting held in the main auditorium of the Paulista Medical Association on 
Feb. 12, 1955, Dr. Moacyr I. Alvaro was awarded the Gold Medal of the Centro 
de Estudos de Ophthalmologia for his contribution to the progress of Brazilian 
ophthalmology. After receiving the medal, Dr. Alvaro delivered the Centro 
de Estudos de Ophthalmologia Lecture on “Recent Trends in) Organized 
Ophthalmology.” 
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RUDOLF H. WITMER, MD., New York 


Phe results of previous clinical and experi 


mental work with horses sutfenmg trom 
periodic ophthalmia strongly suggest that 


this uveitis is due to Leptospira pomona and 


grippotyphosa infection,* although the 


leptospiral nature ol periodic ophthalmia 
could be proved by culture in only a 


Hertel 


rabbits by injecting suspensions of Lepto 


lew 


Cases (1917) produced uveitis im 


spira icterohaemorrhagiae into the vitreous 


and into the anterior chamber. Gsell* re 


ported leptospiral infections humans, with 


an occasional involvement of the uvea. These 


authors did not conduct any serological stud 


ies on aqueous humor, Recent experimental 


data on horse uffering from periodic 


ophthalnua provided strong evidence of local 


antibody formation. Similar results were ob 


tained in experimental tuberculous uveitis im 


rabbit Since it has been reported that 


rabbits. gvenerally resistant to systemie lep 


tospiral miection, have high antibody titer 


this test lesion appeared to be especial] 


suited to the imvestigation ot local antibody 


formation im ocular imfection 


experiments were carried out along 


In a first group the primary intraocular 


infection with leptospires was studied. In a 
second experiment the problem of reintection 
third local 


used as an 


was investigated, In a series a 


irritant (caterpillar hair) was 


from the Department of Ophthalmolog 
| 


lumbia University College ot VPhysiciat am 


Surgeo 
Presby 
This 1 
Knapp Memorial 


nvestigation Na uded b 
Foundation, the Snyder Ophtha 
and the SWISs \caden ol 


cnt dati 


Experimental oLeptospiral Uveitis in Kabbits 


with 


lepto 


“adjuvant,” combined primary 
Data were obtained on the 
the the 


quantitative relationship between Leptospira 


spiral infection 


clinical course ot infection and on 


avvlutinating antibodies in serum and those 
in aqueous humor. The gamma vlobulin con 
tent was determined by means of paper elec 
trophoresis, and the ratio of titers to gamma 
Histological 


globulin content was recorded 


examinations at different stages of the inte 
tion supplemented the immunological studies 
MATERIAI 


AND METHODS 


lhe sera ot all rabbit vere tested priot to the uw 
fection and were found to contain no Leptospira 
avvlutinating antibod Qne-tenth molliliter 
1:10 dilution of a 10-day-old culture of living lept« 
pires im Schuffner’s liquid medium, that ts, appre 
mately 2,000,000 organisms,t was injected, with the 
wimal under ether anesthesta, mto the vitreou 
body of the right eve niv. The myection inte t 
vilreou Na chase vitl the idea that b wl 
procedure the organisn ould remain m the eve 
longer than by injection into the anterior chamber 


wuld thus be delayed 


ind that a 


hie « not moculated. In control rabbit 
ml an Sehutiner’s Vas iitroduce 
t re lo muni nterlerence ith tl 
| 
\ is aspirated at mit i ol 10 da 
\ tul rit th a 24 r Jt i 
i ithedra thre i oag 


ere tab | bleeding tl Hal il 
( ater ir rs from | 
iter ir Mala ma america ind fa 
ocal irritant | ‘ ded 
i nee if itoclave 
) tite it | bh. ! | 
| ly 


ected wit t laced im a cent e tube 
frozen and thawed three times in an alcohol 


three line hus ‘ 
of uveal tissue were made by bisecting 
freshly enucleated eye ith a microtome krife 
st) | lows 
Institute of Iphthalmolog Lens. vitreous body, and retina were removed, and 
ts] 
the ‘ ris, ciliary bed ind choroid) wa 
mic | 
cme * Lhe leptospires were counted according to the 
* References 1 and 2 technique iH. J. Magnuson 
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arhant 


ile 
with 


diox (dry ice) and ground 


mixture, 
head 


niinute mall glas he tissue 


centrifuged at 3000 rpm for 30 minute 


9.03 ml. of clear supernatant tiss 


pipetted off for further proce 


sing 


‘ P 
\ntibodies in serum and aqueous humor 


were 


termined by direct agglutination-lysi 


the 


reactior 


sith a five-day-old culture of ame stram of | 


pomona in Schuffner’s * liquid medium and observa 


dark-held he 


thon with 


microscopy titer 


were 


MEAN VALUE OF 
ANTIBODY -AaCTivil 


AQUEOUS HUMOR 


¥-GLOBULN 


AGGLUTININ- TITE® 


> 
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content identification « he different fraction 


The 


the 


doubtful (average e1 . 8%) protein 


determined by micro 


the 
t lec tro 


method 
hur 


phorograms 


protein content oft 


aqueou lated from the 


previously Since the 


determination agglutination end-titers in 


aqueous humor and serum did not provide sufficient 


information and most antibodies gamma globu 


globulir 


are 


lins, the titers are related to the 


you 


‘4 
INFECTION 


Fig. 1.—Course of antibody activity 
with Leptospira pomona 


ot serum 


recorded as reciprocals of the highest dilution show 
ing agglutination 


Paper electrophoresis, according to the method 
of Grassmann, Hannig, and Knedel,® was pertormed 
on serum and aqueous humor. This procedure gives 
reasonably accurate results in serum with an aver 
to 3% 
examination of aqueous humor 
the 


In samples with 


age error ot not more than 2% 


the 


results 


However, 
renders reliable 
OS 


only when 


protein content exceeds 


gm. per a lower protein 


$48 


ry 
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22 29 55 


Time 


and aqueous humor after primary intraocular 


content of the It 


two fluids 
the 


1 order to simplify the 


expression of results, the reciprocals of the 


highest dilution showing agglutination are related 
to l gm as measured by 


‘ alled 


ot gamma globulin 


nap 
paper 


electrophoresis ratio is ‘antibody 


activity.” 
The 
ophthalmoscope and slit lam 


the experiment 14 animals 
for 


rabbits were examined 


twice a week with 
Within the 
killed 


studies 


course 
and the 


Kidney 


ot were 


eves enucleated histological 
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samples and aqueous humor samples were taken at creased and cleared completely in four to six 
the time the anim: was killed an It ! : 

e the a mal yas killed and cultured i weeks. A chronic uveitis, lasting more than 
Fletcher's * semisolid, Schuffner’s liquid, or Korth 


off’s © liquid medium aqueous humor was al six weeks, ce veloped in three rabbits. There 
subjected to dark-field studies was marked variation in the individual re 


actions of the experimental animals. The un 
RESULTS inoculated eves of all rabbits remained nor 
1. Primary Infection In the first group mal. The eves of the control animals, which 


IX normal chinchilla rabbits of both sexes, had been injected with plain) Schutiner’s 


| Intihbod * of Primar Iqgueous Humor in Normal Eyes m Primary Infected Kabluits 


Titer Gaming 
Observed Titers 
Days After 
Infection Serum \queous Serum 
40,000 19,000 
1500) 
lt 
10.000 
70.000) 16.400 
40,000, 19.400 
15,000 10.000) 
‘Mi 
Average 


* Caleulation based a protein content of 06.08 gm, per 100 and a gamma globulin eontent 
gm. per LOO 


antibody ¢ \ f aqueous humor 
Ratio 
antibody 


LapLe 2.—Secondary Aqueous Humor in Normal Lyes in Primary Infected Kabbits 


Gamma Globulin 
Titer Gm. Gamma Content, 
Daye Observed Titers Globulin (im. / 100 Ce 
Rabbit After , 


No Infection Serum Aqueous Serum Aqueous atic Serum Aqueous 

40,000 70,000 4 oan 
40.000) 000 17,000 7408 
40,000 
16,000 10,000 77 
10000) oon 1400 

000 am 6.000 ” , om 

lo 7 oa 

000 14.000 

5000 6200 


Average 


intibody activity of 
Ratio 
antibody activity 


average weight 4 to 5 Ib. [1.8 to 2.3 kg.|) medium, showed a nuld irritation the first 
the intravitreous injection of approximately day, but no uveitic lesions 

2,000,000) living leptospires produced an Dark-field examinations and cultures of 
acute iritis, which appeared on the third fresh samples of aqueous humor revealed 


and fourth days and lasted about one week living and motile leptospires to be present 


After that time the inflammation slowly ce in the anterior chamber as long as eight day 
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High Proteim Content Primary Aqueous Humor in Primary Infected Eyes 


(;aroma Globulin 

Titer Gm. Content, 

‘ Globulin 4m./100 Ce 
Vfter A 


Infeetion um Serum Aqueous Serum Aqueous 


10.000 140 11,96) 

16,400 
13,400 
10.000) 


10,000 13,0770 53 BOO 


15.000 15,000 40,000 
"0,000 
000 


70000) 


Average 


antibody activity of aqueous humor 
* Ratlo 
antibody activity of serur 


Low Prot ontent of Primar fyueous tumor in Primary Infected Eyes 


Gamma Globulir 
fin. Content, 
lays Titers (im. /100 
Rabbit \fter 


No Infeetion \queous Aqueous Ratio erum Aqueot 
1.000 

1000 

10000) 

40,000 


15,000 89.000 
10008 000 
15.000 1? 
Ol 160.008) 
O00 
100.000) 40,000 100.000 
4000) 16400 0.000 
1000 

15.000 000 
10.000 10,000 000 
7,000 12,4) 


000 4,200 0,000 
\verage 
antibody activity of aqueous humor 


Ratlo 
antibody activity of serum 


Rabbit 

No 

9 1.20 161 0.38 
33 

ly 16 1.38 0 33 
» 49 
‘ 2.06 0.16 
, 

% ‘ 0.77 
i 

0.74 O17 

ald 

od 0.76 0.08 

1.06 0.33 0.0 
18 1.00 0.99 0.46 
0.19 
1.12 0.08 

Ww 

4 1.22 0.0 
1.26 0.000 

=) 5.90 | 0.004 

1.10 1.76 0.004 

0,02 1.27 0.004 

‘ 

: 065 001 

3 
4] 098 0.006 

4 

al 0.4 1.55 0.00 

1.25 147 0.008 

3 16 

47 1.6 1.31 0.008 

37 0.908 0.008 

1S a7 1.24 

4 16 0.008 
31.90 1.17 0.008 
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after the infection. The organisms could 
either be seen under the mucroscope or be 
cultured in the above-mentioned media in 
14 of the 18 rabbits which were examined 
during the first week after the infection. In 
rabbits examined 12 days after the infection 
or later the results of the tests were negative 

Leptospira-agglutinating antibodies were 
first detected in the serum eight days attet 
the infection and in the aqueous humor 14 
days after the infection. The titers of serum 
and aqueous humor rose sharply from the 
end of the first week up to the fourth week, 
then decreased during the following weeks 
Figure 1 represents the mean values of the 
antibody activity in the aqueous humor as 
compared with that of the serum of five to 
eight animals with primary infection, Anti 
body activity of the aqueous humor exceeded 
by far the activity of the serum 14 days 
after the infection and reached a peak value 
on the 29th da 


the serum titer was high, that is, the third 


During the period in which 


to the fifth week, small amounts of antibodies 
were present in the primary aqueous humor 
of the noninfected eve (Table 1). The pro 
tein content in normal aqueous humor of 
rabbits is known to range between 0.02 and 
0.04 gm. per 100 ce. and is not detectable by 
means of paper electrophoresis. The calcula 
tions in Table | were based, theretore, on an 
assumed protein content of 0.03 gm. per 100 
cc. and a gamma globulin content of O.006 
gm. per 100 ce. (1. €., 20% of the total pro 
tein). The results shown in Table 1 indicate 
that the antibody activity of the primary 
aqueous humor is lower than that of the 
serum, The secondary aqueous humor in the 
noninfected eyest (Table 2) revealed much 
higher titers. The average protein content 
was more than half of the serum value and 
the gamma globulin content accurately meas 
urable. The antibody activity of the serum 
averaged 22,100, and that of the secondary 
aqueous humor, 7460. The antibody activity 


t The 


eves was collected 30 minutes after the first pune 


secondary aqueous humor of the normal 
ture, at which time the anterior chamber had 
usually regained its normal depth and 0.15 mil. of 


liquid could be withdraws 


Fig. 2 (Rabbit 11).—Five days atter leptospiral 
intraocular infection. Agglutimation titers negative 
in serum and aqueous humor ; infiltration of vitreous 
body by many polymorphonuclear neutrophiles, 
macrophages, and lymphocytes 


ratio of primary and secondary aqueous 
humor versus serum was the same, that 1s, 
0.3 This shows that less than a third of 
the total amount of serum antibodies passes 
the blood-aqueous barrier of normal eyes 
even when its permeability has been altered 
by previous paracentesis. The inerease im 


the ganuna globulin content of the secondary 


aqueous (50% of the serum level) 1s there 
fore at variance with the merease of anti 
Fig. 3 (Rabbit 9).—Twelve days after primary 
leptospiral infection. Antibody activity of serum, 
7220; of aqueous humor, 12,000, Dense infiltration 


of deep layers of iris stroma and anterior part ot 


the choroid by many plasma cells and lymphocytes 
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ane 
| 
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were divided into two groups. The 
first yroup, of 10 eyes (14 determinations ). 
showed at the time of puncture a high pro 
tein content of the aqueous humor ( Tabk 
3); the antibody activity ratio of aqueous 
humor to serum was in most determinations 
(11 of 14) greater than 1, with a mean value 
of 2.56. In the second group, ot 15 eyes (28 


Fig. 4 (Rabbit 13).—Thirty-one days after pri determinations), in a stage of slight inflam 
mary leptospiral intraocular infection. Antibody mation, the average ratio of the two antibod, 
activity of serum, 19,400; of aqueous humor 12,500 : 


Spot of plasma cell infiltration in iris stroma activities was calculated as 3.76 (Table 4). 


MEAN VALUES OF : 
AQUEOUS HUMOR 0.0. 
AQUEOUS HUMOR OS. 
*SERUM 


GRAMM GAMMA- GLOBULIN 


AGGLUTINATION - TITER 


ANTIBODY-ACTiVITY 


< 
50 DAYS AFTER 80 4 12 27 ~=TIME IN DAYS 
FIRST INFECTION SECOND INFECTION 


Fig. 5.—Course of antibody activity of serum and aqueous humor after intraocular reinfection 
with Leptospira pomona 


bodies in this fluid. The results of the experi The ditference between the two ratios might 
ments on primary and secondary aqueous 
humor from normal eyes served as a basis 
for the evaluation of the data obtained from 


infected eyes. For purposes of analysis the 


indicate a higher activity of the aqueous 
humor in the second group. However, the 
gamma globulin content of these samples 


was too low to allow accurate evaluation 


552 


a 
j | 
Nn 
| © 
° 
| 
3 / ee 
2 
| 
lle 
e 
/ 
3 . 
4 7 o : 
4 
= 


killed at 1 riods 


study, 14 rabbits 


varving from 5 to LOL days 


histological were 


in the infection, from 
to the 10th day, a cellular 


inoculation. lvarly 


the 5th reaction, 
consisting of many polymorphonuclear neu 
trophiles, macrophages, and a small number 
of lymphocytes, was seen mainly in the vitre 
ous. These ce is apparently migrated from ch 
lated vessels of the optic dise and neighbor 


superficial lavers of the retina ( Fig 2) 


ing 
Iris, ciliary body, and choroid showed hyper 
the endothelial cells 
of the blood vessels, but no cellular infiltra 
By the 13th to the 17th day after the 


infection a dense infiltration by lymphocytes 


emia with swelling ot 


tion 


and plasma cells was apparent in the deep 
layers of the iris stroma and the anterior part 
of the choroid ( Fig. 3); the ciliary processes 
showed mainly extensive edema and hyper 
emia. The polymorphonuclear neutrophiles 
in the vitreous had disappeared and were 
replaced by plasma cells. By 30 days and 
later there were foci of plasma cell infiltra 
the 


processes ( Fig 4) 


tion in iris and sometimes the ciliary 
Later these cells slowly 
the 


eyes seemed normal except for some edema 


disappeared, and atter three months 


of the iris and ciliary processes and a few 
scattered plasma cells deep in the iris stroma 
2. Reinfection. 


animals, survivors of the first unilateral moc 


In this experiment, nine 


ulation, were reinfected in both eyes after 
The 
was approximately 10 times as high (und 
luted 10-day-old the 
of injected organisms was roughly 20,000, 


two and three months selected dose 


culture) and number 


examinations of aqueous humor and 


sera were made 4, 12, and 27 days after the 
second infection. In addition, the same dose 
was introduced into the right eve of one 


normal rabbit, which served as a control 
\ll rabbits showed an acute fibrinous re 
action in both eyes during the first four days 
There was not a striking difference between 
the right (previously infected) and the left 
(previously normal) eye. After eight days 
the inflammation of all reinfected eyes had 
decreased considerably, while the left eye ex 
\fter 


three weeks the left eves were almost normal, 


hibited minimal signs of inflammation 


big. 6 (Rabbit 19) Thirty-two days alter 
leptospiral intraocular infection. Antibody activity 
of serum, 5600; of aqueous humor, 21,000, Nodule 
in iris stroma with a few epithelioid cells, many 


plasma cells, and some pigmentophores 


while some of the right eyes still presented 


the picture of a muld chronic uveitis. A very 


violent reaction, with fibrinous iriti iol 


lowed by a chronic uveitis lasting as long a 
12 weeks, occurred in the control rabbit 
By the fourth day after the second infection, 
the dark-field 


revealed leptospires im only two 


observation with 
ample ol 
aqueous humor, one trom the right and one 
from the left eye, out of the entire group of 
and only one culture wa 


\t the same time, 


reinfected animals, 
positive many motile lep 
tospires were observed in the aqueous humor 


of the control rabbit 


serum and aqueous humor ts 


course of the antibody activity im 
hown in big 
ure 5, The data presented in this graph are, 
again, mean values of the whole group, of 
nine rabbits. The the 
slightly second 


The aqueous humor of the night, remtected 


activity of 
the 


serum) mn 
creased alter iIntechion 
eyes had much higher titers than the sera, 
and even the aqueous humor of the left, pre 


viously normal eyes reached higher levels of 
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activity than the sera. Observations were 
discontinued after the third week, since the 
inflammation of the eyes had decreased to 
such a degree that accurate determination of 
the proteins in the aqueous humor was no 
longer possible 

In histological preparations of reinfected 


eyes of animals killed 32 days after the sec 


GRAMM GAMMA- GLOBULIN 
100 000 
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z 
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the iris, practically no pathological changes 
were noted in the previously normal, left 
eyes removed at the same time. 

3. Primary Infection Combined with Local 
Irritation.-In this experiment five albino 
rabbits were used. In each case, 10 days 
prior to the intraocular infection, the animal 


was anesthetized with ether and an incision 


e@———eMEAN VALUE OF 
AQUEOUS HUMOR 


o—— *MEAN VALUE OF 
SERUM 


4 
\inFECTION 
10 DAYS PREVIOUSLY 
CATERPILLAR HAIR 
INTO ANT, CHAMBER 


Vig. 7.-Course of antibody activity of serum and aqueous 
imMfection with Leptospira pomona and previous implantation of cate rpillar | 


chamber 


ond moculation, signs of a chronic uveitis 
were apparent, The character of this inflam 
mation was in some cases diffuse and in 
others was confined to circumscribed foci 
hese foci consisted of a few epithelioid cells 
with many pigmentophores at the periphery 
(Fig. 6). Except for a few plasma cells in 
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ry} TIME IN DAYS 


humor after primary intraocular 
hair into the anterior 


made at the limbus of the right eye. Through 
this wound a tuft of 10 to 20 sterile cater 
pillar hairs was introduced into the anterior 
chamber with a small forceps. Ten days 
later these eyes were inoculated intravitre 
ously with about 20,000,000 living lepto 


spires. In the control rabbit caterpillar hairs 


2 
| 
4 | 
3 \ 
| / 
8 

| 
Z 
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were implanted into the right eve. This eye 


was enucleated after 10 days, at which time 


with the 


the 


the normal, left eve was infected 


same amount of organisms as whole 


group 


larization of the cornea, were noted, How 
ever, at the time of the leptospiral infection, 
10 days after the implantation of the cater 
pillar hair, the eyes were still greatly in 
flamed. As a the 


consequence, response to 


SERUM 


TOTAL PROTEIN 
AGGL TITER 


TITER GLOBULIN 


MOBILITY 


START 


UVEAL EXTRACT 


REL 
ALBUMIN 40.7 
216 
TOTAL PROTEIN 
AGGL TITER 
TITER/ y- GLOBULIN 


GR% 


1.0 
4.26 
140000 

40 000 


AQUEOUS HUMOR 


REL % 


64.6 
9.9 
9.6 


ALBUMIN 
«-G6L0B. 


0.42 
265 


r- 15.9 
TOTAL PROTEIN 


1:10 000 
24 000 


AGGL. TITER 
TITER/ y- GLOBULIN 


JNENOWN FRACTIONS Will 
LOW MOBILITY 


r 


ol serum 
with I epto 


\iter 


hairs all rabbits showed an intensive inflam 


the introduction of the caterpillar 


matory response with fibrinous exudate in 


the anterior chamber. After one week, the 


inflammation began to diminish slowly, and 


signs of organization of the exudate around 


the hair, accompanied by superficial vascu 


pifa pomona and 


1 


aqueous 


rabbit 28% attes 
‘ iterpillar 


extract ol 
im] lantation 


al d uve al 


hun ol 


previou 


Lhe 
filled with fibrin, the cornea 


the infection was. violent anterior 
hannibe r bec 
the ves 


steamy sels of the iris extremely 


distended. This picture did not change ap 
preciably for three weeks, and the eyes were 
this 


group were killed and the eyes removed for 


markedly inflamed when all rabbits of 


555 


] REL % GR% 
ALBUMIN 570 
10.0 
aA-* m3 
y-° 21.6 156 
120000 
— 
| 
IN 
' 
— GR.% 
! 
| | | 
| 
| 
Fig. —Electrophorograms 
rimary intraocular infection 
alt 
|| 


fee \ 
? é 


Fig. 9 (Rabbit 29).—Ten days aiter implantation 


ol caterpillar hair. Small granuloma around hair 
in stroma of iris; little cellular reaction 


histological study. The left eye of the control 
rabbit (without caterpillar hair) also had 
an intensive fibrinous reaction, but after two 
weeks the inflammation was much less pro 
nounced 


Phe antibody response in serum and aque 
ous humor is shown in Figure 7. As early 
as the fourth day after the infection very low 
titers were detected in all sera except that 
of the control rabbit. The aqueous humor 
samples were negative at this time. Eight 
days after the infection the titers in both 
serum and aqueous humor were strongly 
positive, and the antibody activity of the 
aqueous humor appears in the graph to be 
three times as high as that of the serum 
However, since the result of one experiment 
raises the mean value of the antibody activity 
of the aqueous humor to this level, not much 
significance can be attached to this ratio 
The wide spread should also be kept in mind 
when considering that on the 16th day the 
antibody activity ratio of the two fluids 


Taste §.—Primary Aqueous Humor in Primary Infected Eyes with Caterpillar Hair 


lbaye Observed Titers 
Rabbit After 
No Infeetion Serum Aqueous 


16,000 5,000 
82,000 14,000 
4,20) 
82,000 
16,000 


16,000 


8,000 


8,000 


16,000 
64,000 32,000 


16,000 4,000 


20,000 10,000 


20,000 10,000 


40,000 10,000 
20,000 10,000 
Average 


antibody activity of aqueous humor 


* Ratio 


antibody activity of serum 


Fig. 10 (Rabbit 26).—Twenty-four days after 
primary leptospiral intraocular infection; 34 days 
after wumplantation of caterpillar hair. Antibody 
activity of serum, 14,300; of aqueous humor, 
28,000, Extensive granuloma with tragments of 
caterpillar hair, giant cells, and dense infiltration 
by plasma cells, polymorphonuclear neutrophiles, 
and many lymphocytes. Plastic iritis 


Gamma Globulin 


Titer Gm. Gamma Content, 
Globulin (im. /100 Ce 
Serum Aqueous Ratlo Serum Aqueous 


14,700 Loe 109 O49 
5.4 1.26 0.74 


16.000 


42,000 0,000 1.19 0.75 
217 1.35 
62,000 160,000 5.08 1.°3 
16,000 16,000 1.00 1.26 O61 


26,000 061 


000) 140 0.72 


83,000 47,000 1.12 1.22 


18,000 24,000 16 


17,000 47,000 3.45 1.31 0.57 


seemed essentially unchanged, although the 
absolute titers were much higher. Twenty 
four days after infection the average titers 
were still high, but the antibody activity of 
the aqueous humor was reduced to only 
about twice that of the serum. Table 5 shows 
the ratio between antibody activity of aque- 
ous humor and that of serum to be 3.45, ap- 
proximately the same value as in Tables 3 
and 4. When Experiment 28, with the un- 
usually high ratio of 11.9, is omitted, the 
average is reduced to 2.65. An extract of 
three times as 


uveal tissue showed activity 


*4 4 
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high 


activity of the aqueous humor was less than 


as that of serum at the time when the 


twice as high (Fig. 8) 

The histological picture of the right eye 
ot the control rabbit indicated a rather mild 
reaction to caterpillar hair at 10 days. Typi 
cells, a few 


cal giant polymorphonuclear 


neutrophiles, and many lymphocytes and 
plasma cells surrounded the foreign bodies 
(big. 9). The cellular response seemed more 
pronounced in corneal and conjunetival tis 
In the leit 


eye of the control rabbit the high dosage of 


sue than in the uveal structures. 


leptospires produced a severe reaction, con 
sisting of diffuse plasma cell infiltration of 
iris, ciliary body, and, particularly, the ciliary 
processes, 22 days after the infection. Lepto 
spiral infection in eyes irritated by the cater 
pillar hair resulted in a form of plastic in 
flammation with dense infiltration of the en 
tire uveal tissue, with the exception of the 
posterior part of the choroid, Accumulated 
plasma cells, lymphocytes, polymorphonu 
clear neutrophiles, and giant cells formed 
small nodules around the caterpillar hair 
(Fig. 10) 


COMMENT 


with L., 
pomona in rabbit eyes gave rise to an acute 


Primary intravitreal infection 


anterior uveitis of about one week's dura 


tion, followed by a chronic inflammation 


lasting three to six weeks. Reinfection again 


produced an acute attack of iritis, which 
began to subside after one week; in most 
cases recovery was complete, but in two in 
stances a chronic uveitis ensued. A combina 


tion of leptospiral infection with local irri 


tation by caterpillar hair resulted in a plastic 


yranulomatous anterior uveitis. Leptospires 
could be cultured out of the infected eyes 
only during the first week, No growth oc 
curred when the various media were inoc 
ulated with samples of aqueous humor ob 
tained at later periods. Dark-field examina 
tions of these samples and kidney cultures 
from the animals were negative without ex 
ception. 

Despite the absence of any signs of sys 


temic infection, antibodies were detected first 


UVEITIS 


in the serum, although mm small amounts. In 
primary infection with low dosage, agglutina 
tion titers were measurable after eight days; 
when higher dosages of the organisms were 
introduced, together with caterpillar hair as 
an “adjuvant,” low agglutination titers were 
determined in the serum after four to six 
10th day 


bodies in moderate amounts appeared also 


days. By the of the infection anti 
in the aqueous humor of the diseased eyes, 
although with a few exceptions the titers 
were lower than the serum titers. The anti 
animals 
rule the 


body response of the individual 
varied to a marked degree; as a 
more inflamed eyes showed higher aggluti 
nation titers. From the 14th day on, however, 
the antibody activity (i. e., the agglutina 
tion titer per gram of gamma globulin) in 
the aqueous humor of the infected eyes sur 
passed that of the serum. The average anti 
body activity ratio of aqueous humor to 
serum ranged from 2.5 to 3.7 in the entire 
experimental group of primary infected eyes 
On the other hand, data on antibody activity 
in the first and second aqueous humor of 
the normal eyes versus serum give a ratio 
of 0.3 (Tables 1 and 2), seeming to indicate 
that in a normal eye only about a third of 
the total amount of antibodies present in the 
serum passes the blood-aqueous barrier, In 
view of this low ratio in normal eyes, the 
data on the infected eyes takes on an even 
yreater significance. Aqueous humor of in 
flamed eyes and secondary aqueous humor 
of normal eyes contain all protein fractions 
of the serum, including the gamma globulins, 
in approximately the same distribution." If 
the protems of the aqueous humor were but 
a simple dilution of the serum and the pres 
ence of antibodies, therefore, due only to 
nonspecific leakage of proteins through the 
blood-aqueous barrier, the antibody activity 
would be the same as in the serum, For in 
stance, a serum sample with an agglutination 
titer of 1:20,000 and a gamma globulin con 
tent of 0.75 gm. per 100 cc. would have an 
If the 


globulin content of the aqueous humor in 


antibody activity of 25,000 gamina 


this case were 0.25 gm. per 100 cc. and the 


antibody activity the same as that in the 
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If, on the 
1:12,000 was deter 


mined in the sample, then the antibody activ 


serum, the titer would be | 6250 
other hand, a titer of 


ity of the aqueous humor would be 48,000, 
or nearly twice as high as that of the serum, 
although the actual titer of the latter was 
higher. On the basis of such results a local 
antibody formation is the logical assumption 
Similar evidence was obtained from the ex 

periments in which caterpillar hair was im 
planted prior to the intraocular infection 
The experimental lesion produced by inser 
tion of caterpillar hair in the rabbit eye re 
embles that of ophthalmia nodosa in man.§ 
However, previous attempts to produce such 
an uveitis experimentally met with little suc 


! 


In the present short series the aver 
age antibody activity ratio was 3.45 (in one 
rabbit the antibody activity of the eye was 
1] times that of the serum). The caterpillar 
hair as a local irritant and granuloma pro 
ducing factor apparently accelerated the anti 
hody formation and augmented the severity 
of the lischel 


and co-workers '° suggest as the mechanism 


and duration inflammation 
of action of Freund’s adjuvant '* that the 
granulomatous tissue developing around the 
killed tubercle bacilli promotes increased anti 
hody formation, Such a theoretical explana 
tion seems to be applicable to the present ex 
periments with caterpillar hair, since dense 
plasma cell infiltration of the iris and ciliary 
the 


change. The appearance of antibodies in the 


body was predominant pathological 
aqueous humor coincident with the appear 
ance of infiltrating plasma cells in the uveal 
tissue (10 to 14 days after the infection) 
would support the hypothesis of a probable 
correlation between local antibody formation 
The fact that 
densely infiltrated eyes always showed much 


and plasma cell infiltration 


higher antibody activity than eyes with signs 
of muld inflammation provides further evi 


dence for such a correlation. In addition. 


the experiments with caterpillar hair revealed 
augmentation of antibody activity (particu 
larly in extracts of uveal tissue) concurrent 
with an intensive cellular reaction. The delay 


in the appearance of antibodies in the eve 


§ References 11 and 12 
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following the intraocular infection and the 
definite correlation between antibody ac tivity 
in the eye and plasma cell infiltration of the 
uveal tract suggest that antibody formation 
originates at unknown extraocular sites in 
the organism. A “leakage” of antigen out of 
the eye would explain this early presence 
of agglutinins in the serum. The plasma cells 
and lymphorytes which invade the uveal 
tract in the later stage of the infection may 
be the cause of the accumulation of specihc 
antibodies in the eye in the presence of con 
siderable amounts of antigen. 

Whatever the mechanism of antibody for 
mation may be, the results of this and pre 


vious studies demonstrating local antibody 


accumulation 


‘and a higher antibody activ 
ity in aqueous humor of infected eves with 
signs of uveitis as opposed to that of the 
addi 


tional tool for the differential diagnosis of 


serum of such animals provides at 
bacterial uveitis. It seems advisable, there 
lore, to apply this technique, previously con 
fined to the identification of tuberculous 
lesions and periodic ophthalmia in horses, to 
other endogenous types of human uveitis in 
which bacterial etiology is suspected. [Even 
the 


humor of infected eyes may be considered 


low specific antibody titers in aqueous 


significant in view of the very low protein 


and gamma globulin contents of human 


aqueous humor of normal and inflamed eyes 
SUMMARY 


AND CONCLUSION 


Primary intraocular infection with Lep 
tospira pomona in rabbits produces an uveitis 
reaction, with an acute phase lasting about 
one week and an ensuing subchronic course 
Keinfected eyes are, to a great extent. im 
mune but may respond to the second inocu 
lation with the formation small 


ol Iris 


nodules. 

Antibody formation in the experimental 
infections seems to start at unknown extra 
ocular sites, since the first measurable titers 
(10-day interval) Later, 
14 days after infection, a local antibody 


are in the serum 
ac 
cumulation takes place, and from that time 
the the 


humor—that is, the reciprocal of agglutinin 


on antibody activity of aqueous 
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titers per gram of gamma globulin (meas 
ured by means of paper electrophoresis ) 
exceeds that of the serum by about 3:1. This 
antibody production is accelerated when an 
adjuvant, caterpillar hair, which produces 
a severe plastic iridocyclitis, is implanted in 
the anterior chamber 

Histologically early hyperemia of the tris 
and invasion of the vitreous by polymorpho 
nuclear neutrophiles is succeeded from the 
10th day on by an infiltration of the uveal 
tissue with plasma cells and lymphocytes, 


which gradually subsides after four to six 
weeks 
The appearance of antibodies in the aque 


ous humor coincident with the appearance 


of infiltrating plasma cells and lymphocytes 


in the uvea suggests a close correlation be 
tween the accumulation of these cell elements 
and high antibody activity 

The results of this study confirm earlier 
reports on periodic ophthalmia horses 
and experimental tuberculous uveitis in rab 
hits, where strong evidence for local antibody 
formation was presented, Determination of 


antibody activity in aqueous humor and 
serum therefore seems to be a potentially 
useful tool for the etiologic diagnosis of 
uveitis. 
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Bilateral Homonymous Hemianopsia 


Relationship to Thrombosis of the Basilar Artery 


THOMAS P. KEARNS, M.D. 

HENRY P. WAGENER, M.D. 

and 

CLARK H. MILLIKAN, M.D., Rochester, Minn. 


Numerous reports in the literature concern 
Inlateral homonymous field defects. In a few 
ol the reported cases the right and left 
homonymous simulta 


neously. There is, however, a paucity of re 


defects developed 
ferences attributing such field defects to oc 
clusive disease of the basilar artery, Neither 
Walsh! nor Duke-llder* mentioned this 
association, Thrombosis of the basilar artery 
is not common, and when such an event does 
occur the patient usually does not survive ; 
occasionally it is not immediately fatal, as 
has been recently reported by Siekert and 


Sayre." 


REVIEW OF THE LITERATURE 


The earliest report of bilateral homony 
mous field defects is probably that of Bram 


well and associates,’ in 1915, Their patient 
exhibited sudden onset of bilateral homony- 
mous field detects with preservation of cen 
tral vision. This case is unusual in that the 
authors first saw the patient in 1888, two 
years after the onset of visual disturbances, 
and were able to observe him for approxi 
mately 25 years, until his death, at which 
time revealed bilateral 


necropsy intarction 


of the occipital lobes 
MeDonald ° 
nature except that the field defects did not 


reported a case of similar 
The Mayo boundation is a part of the Graduate 
School of the University of Minnesota 
From the Section of Ophthalmology (Drs. Kearns 
Neurology (Dr 
Mayo Clinic and Mayo Foundatior 


and W agener) and the 
Millikan) 


Section ot 


develop simultaneously. Necropsy was not 
performed, The cause of the field defects was 
thought to be both 


and Steiner ‘ 


occlusion of calcarine 
arteries. More recently, Ross ‘ 
each reported a case in which the homony: 
mous defects sinultaneous in 


They 


disease of both posterior cerebral or calearine 


were onset 


considered the cause to be occlusive 


arteries. Necropsy was not done in either 
Case 
W alsh 


field defects occur simultaneously in a minot 


said that bilateral homonymous 


ity of cases. He also expressed the opinion 
that complete obstruction of the basilar artery 
short 


who survive occlusive disease of the basilar 


causes death within a time. Patients 
artery perhaps do not have complete throm 
bosis but have only partial occlusion of the 
vessel, or thrombosis involving only its ter 
minal portion as it bifurcates into the two 
posterior cerebral arteries. The basilar artery 
vives rise to small penetrating arteries that 
supply the pons, and pontine infarction 1s to 
be expected in complete thrombosis of the 
basilar artery. Massive infarction of the pons 
is fatal, although small infarcts may occur 
without interfering with vital respiratory and 
cardiac function, 


Kubik and 


toms of thrombosis of the basilar artery on 


\dams * deseribed the symp 


the basis of a study of seven patients who 


survived the incident. The diagnoses were 
made on what they considered to be adequate 
clinical evidence. The onset was sudden and 
was not preceded by “tangible causal factors.” 
Headache was usually the first symptom, fol 
lowed by dizziness, confusion, or coma. Dif 
ficulty in speaking and unilateral paresthesias 
occurred in a large proportion of cases. Com 
mon findings were pupillary abnormalities, 
disorders of ocular movement, facial palsy, 


hemiplegia, and quadriplegia. Bilateral ex- 
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BILATERAL HOMONYMOUS HEMI 


{NOT 


tensor plantar reflexes were present in most 
of the cases reported by the authors 
Biemond * reported on four patients who 
had occlusion of the basilar artery ; the diag 
nosis in all instances was proved later by 
necropsy One of the patients cr mnplained ol 
dimness of vision, and temporary homony 
mous field defects were demonstrated. 
French and Haines '° reported an interest 
ing case of occlusion of the basilar artery im 
there limitation of extraocular 


which was 


movements suggestive of anterior imternu 
clear ophthalmoplegia. Such ophthalmoplegia 
results from a lesion of the brain stem, It is 
due most frequently to demyelinating disease, 
but does occur in vascular occlusive disease, 
as has been recegtly reported by Cogan and 
associates.!! 

Pupillary abnormalities have been reported 
in a number of cases. In the aforementioned 
case of French and Haines, unilateral Hor- 
ner’s syndrome was present, probably due to 
involvement of the brain stem. Gross and co 


workers ! 


reported two cases of thrombosis 
of the basilar artery in which the only signs 
were small, nonreacting pupils. 


In a recent paper, under the title “ Jilateral 


Homonymous Hemianopsia,” Reese '* dis 
cussed cortical blindness arising from a 
variety of causes. In one of the cases, he 


suggested the diagnosis of embolism, or 


thrombosis, at the junction of the basilar and 
posterior cerebral arteries, with extension 
heyond the posterior communicating arteries. 
Necropsy was not done ; so the diagnosis was 


He 


personally observed, in which a thrombus 


not confirmed. mentioned a case, not 
was found at this location. He did not state 
whether or not field defects were present in 
this case, but he did say that closure of the 
basilar artery usually fails to produce visual 
field defects because of the blood supply to 
the posterior cerebral arteries through the 
posterior communicating arteries. It was his 
impression, because of the absence of « hanges 
in the brain stem in all but two cases, that 
the posterior cerebral arteries were involved 


beyond the branches supplying the brain 


stem 


REPORT OF ¢ 


ASES 


We wish to report three cases seen recently 
at the Mavo Clinic in which bilateral homony 
field 


developing simultaneously were thought to 


mous defects and other ocular signs 


be due to thrombosis of the basilar artery 


The diagnoses were made on clinical grounds 
in all cases. Death occurred in one case, and 
the 


at necropsy 


presence of thrombosis was confirmed 


Cast | \ 59-year-old farmer was well until 
the day before admission to the hospital, in July, 
1953. He had arisen from bed early the previous 
morning to watch a thunderstorm, which was ac 


companied by much lightning. He suffered no ill 


effects at that time, but later in the morning, after 
dressing himself and feeding the chickens, he 
suddenly became blind. He was somewhat confused 


but remembered the lightning and attributed his 


blindne 
On 
trouble 


ss to this 


sion he complained only of the visual 


Cooperation was good, although he ap 


peared mildly confused; although fully aware that 
something was wrong with his eyes, he was not 
The blood pressure was 186/98 


Neurologic examination 


unduly concerned 


revealed slightly slurred 
speech and a bilateral Babinski sign. It was difficult 
to be certain that he retained any vision. He ap 
parently saw movements of the hand vaguely in the 
half-fields. The 


small and reacted promptly to light 


far periphery of the right pupils 


were Ocular 
rotation was normal except for horizontal nystag 
to either sick Phe 


except for arteriolar changes 


mus on gaze fundi were normal 


typical of mild chron 


hypertension 


Results of routine laboratory studies were normal 


\ roentgenogram of the head showed nothing ab 


24-hour specimen of urine 
0.03 mg. of 


contained no 


100) an 


normal, A 


arsenic and only lead per 


amount considered to be of no significance 


Because of the apparent total loss of central 


vision and the impossibility of demonstrating 


preservation of macular vision, the possibility of a 


lesion involving the chiasm or optic nerves was 


considered at first. However, the normal pupillary 


reactions and the absence of changes m the roent 
genogram of the head were against the presence of 
uch a lesion, and the final diagnosis was hyper 
tensive cerebral vascular disease with infarction of 


the occipital lobes. Partial occlusion of the basilar 


artery or occlusion of only the terminal portion 


vas thought to be the specific cause of his ditheulty 
Treatment consisted of inhalation of 5% carbon 
dioxide and 95% oxygen for 5 to 10 minutes each 
hour. No improvement in vision occurred, and after 
everal weeks he was dismissed from the hospital 


6) 
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IROHIVES OF OPHTHAL 


patient ts still living but has been committed 
4 state mental institution because of his con 
fusion. He was examined recently by one of u 
he findings were essentially unchanged ; the pupils 
still reacted normally, and the optic nerve head 
had a good pink color 
CA \ 69-year-old woman Wa in good 
health until about three weeks prior to admission 
to the hospital. While out in the woods hunting 
wild grapes, she suddenly felt lightheaded, had a 
tendency to fall backward, and had to be supported 
by her husband. She also noted numbness of the 
left side of her face and apparently experienced 
homonymous hemianopsia, since she described half 


of her vision as being blurred. The symptoms were 


%o V.0.D %ko 


v.08 % vV.0.D Ko 


35w 
330 /) as rhrombus in right verte- 


bral and basi s; intaret in pons 


Cross section of basilar artery 
of thrombosis ; an Cneson elastic 
(Case 2).—Visual fields as plotted on ) tissue stain; « 14 
1) and Dec. 4 (h) 


of briet duration, lasting only three to five minute 


but they recurred several times during the next 
three week 
her admission to the hospital, in November 
53, the blood pressure was 210/110. Objective 
neurologic and ophthalmologic findings were nor 
mal, The visual fields were normal to confrontatior 
testing, and she was able to read small print (14/21 
on the A. M. A. reading chart). The impressior 
was that she was having attacks of focal cerebral 
disturbance, probably of vascular origin 
In spite of inhalation of carbon dioxide and 
oxygen, the attacks continued. Hilateral homony 
mous field defects developed two weeks after ad 
mission. She then was able to read only 14/89 on 
the A. M \. chart with either eye and appeared 


to be visually disoriented, Left internuclear ophthal 
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BILATERAL HOMONYMOUS 


HEMIANOPSIA 


Fig. 4 (Case Infarcts 
through medial aspect of bot 
I, infarcts. Hematoxylin 


in occipital lobes. (a) Gross appearance ; (b and c) sections 


occipital lobes. R indicates right; L, left; G, line of Gennari; 


moplegia therapy vith eparin and bis 
| 
adduct as mil, wh (Dicumarol) was begut immed 
of the left is 


vradually improved, and she soon 
ye developed after rotation ion abl » get about the hospital unaided, The 
visual fields at that time N see j | 


ov 1%) are on Dee 4 are seen it igure lh 
Figure la. 1 normal 


cd She was dismissed from the hospital on Dec. 14 
The impression w hat thrombosis of | the iid was followed periodically at the clinic as an out 
terminal portion of the basilar artery, or perhaps patient Jan. 14, 1954, she came to the clinic 
partial thrombosis of the entire ve ssel, had occurred unaided ocular fundi and the visual fields were 
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unchanged. The internuclear ophthalmoplegia was 
till present and gave rise to an annoying diplopia 
on Jan. 18 she 
fully 


extremities. She 


became unable to speak and, al 
thoug! unable to use her 
to the hospital, 
she responded to questions by movements of 


follow 


Comscious, Was 
was readmitted 
vhere 


of her head, She became unconscious on the 


ing day and died on Jan. 23 


\t necropsy the immediate cause of death was 


lound to be massive embolism. The 
Grade 4 on the 


The sclerotic basilar 


pulmonary 


vessels showed s¢ lerosis 


basis of 1 to 4 


arteries 


cerebral 
and vertebral 
had distorted the brain stem somewhat. The 
of the 
filled with an old thrombus that extended up into 


right vertebral artery, the larger two, was 


the basilar artery (Fig. 2a). Infaretion of the pons 


was present (Fig. 2b). A cross section of the throm 
Figure 3. Infarets 


were present in both occipital lobes (Fig. 4a and bh) 


hosed basilar artery is seen in 


the internuclear ophthalmoplegia and the 


bilateral homonymous field defects developed while 
the patient was under observation in the hospital 
so that no question existed about their 


and 


imultaneou 


sudden onset. Necropsy confirmed the clinical 


impression of thrombosis of the basilar artery. Al 
though both posterior communicating arteries were 
present and patent, they were apparently unable to 
upply adequate collateral circulation for the preset 


vation of the 
Case 3 


good health except for cardiac 


posterior portion of the cerebrum 


\ 70-year-old farmer, previously in 
1951 
prior 
to admission he suddenly had become wobbly on his 
feet and had felt focused 


properly and had appeared to turn out. He was seer 
by hi 


infarction in 
was hospitalized in February, 1954. Six days 
weak; his eyes had not 
family doctor 
troke 


rather quick recovery 


who diagnosed his condition 


i ‘ and advised rest in bed He 


made a 
well 
following day he 
and doubl 
ion. He was brought to the hospital on the same 


ind five days later was 


enough to play his violin. The 


complamed of decreased visual acuity 


aay 


The outstanding observation was that periodically 


e would lapse into coma and exhibit Cheyne 


\fter 


would a wake 


Stokes respiration a bref period of uncon 


and be 


examination 


he remarkably clear 


light 
Babin 
reduced, He 
14/89 on the A. M. A. chart 
and 14/224 with the left 


howed bilateral contraction 


mentally 


facial 


Neurologte showed 


son the right and a bilateral 


Visual 


could read only 


ski sigt acuity was greatly 
vith 
the rivht eve 


fhe Id 


peared tor be 


Confrot ta 


thon which 


more pronounced inferiorly t 


where. It was difficult for him to find the 


which made results of testing of central vision some 


what unreliable. Anterior internuclear ophthalmo 


plegia was present on gaze to the right. On looking 


to the right, the out-turning eye developed nystag 


mus, while the in-turning eye failed to adduct 
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1ROHIVES OF OPHTHALMOLOG) 


Results of 
laboratory tests were within normal limits. A roent 


Ihe ocular fundi were normal routine 


genogram of the head disclosed nothing abnormal 


\ diagnosis of occlusive disease of the basilar 


artery was made, and anticoagulant therapy was 
started. His little 
but his general condition improved, so that he was 
to sit up for meals and take walks 


hall with the aid of the Five days after 


ocular findings showed change 


soon able short 
in the nurse 
admission he described tingling in his left arm and 
Dur 
stay in the hospital he never appeared fully 
to grasp the fact that he was almost blind and had 
to be led Visual fields 
week admission (Fig. 5) 
Ihe 
clinic 


hand and was afraid he was getting a stroke 


ing his 


around were plotted one 


after 


patient was examined at the 


Five months later the internuclear ophthalmo 


periodically 


plegia had disappeared, and he no 
doubl 


longer noted 


vision. He often bumped into objects, such 


as a door facing. He was able to read 14/28 print 


with each eye with difficulty, The fields 


perimetric 


hig. 5 (Case 3).—Visual fields as plotted one 
week after patient's admission to hospital 


were essentially unchanged from those plotted in the 
hospital Phe still 


general condition remained about the same as it wa 


ocular were normal. Hy) 


on dismissal from the hospital 


\lthough the diagnosis in this case has not 
heen proved, the great similarity to Case 2 
from the standpoint of bilateral homonymous 


held 


plegia appears to justify the 


detects and internuclear ophthalmo 


diagnosis of 
thrombosis of the basilar artery. The rapid 


fluctuations of consciousness and the Cheyne 


Stokes respiration exhibited by this patient 


were also present in the case reported by 


Sickert and Savre 


COMMENT 


These three patients all presented similar 
findings, namely, sudden simultaneous onset 
of bilateral homonymous field defects, ocular 


signs of involvement of the brain stem, plan 


~ 

1M 

3 
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HOMONYMOUS 
tur extensor signs, transient ataxia, and focal 
signs, such as facial palsy, weakness of ex 
\ll of them ex 
hibited to some degree a phenomenon men 
Duke-Elder, 


jective unawareness of the visual disability 


tremities, and paresthesias 


tioned by consisting Of sub 
Phe patients apparently were “blind to their 


blindness,” seen in 


a symptom commonly 
bilateral destructive lesions of the visual cor 
tex. This naturally imposes difficulty in test 
ing vision, especially the visual fields. Thus 
we were never able to be certain of the exact 
visual status in the first 


vatient. Perhaps 
| | 


this confused state and the visual disorien 
tation accounted for the poo! central vision 
noted im all patients. The central vision did 
appear to well 
Theo 


retically, central vision should) be spared, 


improve with time, as was 


demonstrated in the second patient 


since it is generally accepted that the middle 
cerebral arteries supply the or cipital poles, 
should in bilat 
eral homonymous defects due to lesions in 


and macular sparing occur 


the basilar 


system 


SUMMARY AND CONCLUSIONS 


lhree patients who had bilateral homony 


mous field defects, believed due to occlusive 
basilar 
Mavo Clint 


clinically in all the patients and was proved 


disease of the 


at the 


artery, were studied 


The diagnosis was made 


at necropsy in the one patient who subse 
quently died. From the ophthalmologic stand 
point, the sudden and simultaneous develop 
bilateral field defects 


signs of a lesion in the brain stem, such 


ment of homonymous 
and 
as nystagmus and internuclear ophthalmo 
plegia, would appeal to he diagnost« Ol O« 
clusion of the basilar 


artery, It 1s important 


to realize that patients occasionally survive 
thrombosis of the basilar artery and present 


oenlar complaints as their major problem 


HEMIANOPSIA 
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Registry of Interesting Cases 


/t ts the purpose of this section to record cases on the basis of interest onl Vo complete 
review of the literature is attempted and no claim for priority is implied except when specificall 
stated. Publication of case reports is subject to the concurrence of the Editorial Board on the 
mteresting aspects of the case. It is requested that the reports submutted be as brief as is con 
sistent unth inclusion of the pertinent facts, bear a title that is as specific as possible, be prefaced 
hy a paragraph that states why the author feels the case is of interest and he accompanied wit! 


photographs whenever possthle 


PERMANENT HOMONYMOUS MIGRAINE SCOTOMATA 


[he subjective manifestations of the ophthalmic migraine syndrome whicl 
precede the actual headache are protean in form, vet probably have a common 
vascular pathogenesi These variously described visual auras are largely transient 
usually lasting less than half an hour, although cases have been reported in whicl 
a permanent field defect remained. ‘Uhis is deseribed as a rare event by Duke-lldet 


LEFT EYE TANGENT SCREEN CHART RIGHT EYE 
! 


++4 ++ 


COPYRIGHT 
VISUAL 


REMARKS REMARKS (69° 


Field defect charted on tangent screen Sept. 18, 1954; test object “ooo white 


usually occurring only in severe cases of long standing, suggesting that the spas 
modic disturbance had left structural defects.* The following case was considered 
to be of unusual interest because of the association of permanent scotomata with 
otherwise mild migraime 
REPORT OF CASI 
The patient, a 31-year-old physician, gave a history of migraine attacks two or three time 

year, variably preceded by a scintillating scotoma, lasting 10 to 15 minutes and followed | 
a mild headache, which was usually completely relieved by 10 grains (0.6 gm.) of acetylsalicylic 
acid. No flushing, nausea, vomiting, prostration, or ophthalmoplegia had occurre I} amily 


history was negative for migraine and other paroxysmal disorders 


* References | and 2 
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PERMANENT HOMONYMOUS MIGRAINE SCOTOMA 


On Feb. 2, 1953, the patient developed his usual visual aura, in this case a right homonymous 


scotoma, for which he took the usual 10 grains of acetylsalicylic acid. In this instance, however, 


the headache was incompletely prevented and codeine, grain (30 mg.), was taken for relief 


Likewise, the scotomata did not fade away in the accustomed fashion, but persisted in the form 
f a complete right homonymous hemianopsia, which spared the mac ulac This field defect 
was repeatedly charted during the ensuing weeks, during which time it gradually diminished 
in size and became less bothersome to the patient. The extreme periphery of the scotoma was 
relative in density for a time, making reading almost impossible, owing to the distortion of print 


to the right of fixation. This fortunately subsided, leaving a dense paracentral scotoma in each 


right superior quadrant (Figure); this defect has persisted to the present, one and a half years 
since the onset. At present the patient has adapted to his disability in rapid reading by a slight 
head tilt toward the left shoulder, while effectively rotates his scotoma to the line of print above 


that of fixation 
BENJAMIN E. Rorinson, M.D 


602 W. University Ave 
Urbana, Ill 
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News and Comment 


Epirep By Dr. W. L. Benepicr 


ANNOUNCEMENTS 


Robert J. Masters Award Fund.—Istablishment of the Robert J. Masters 
\ward Fund in the Indiana University School of Medicine, as a recognition ot 
Dr. Masters’ contributions to medical education during the past thirty years as a 
member of the faculty, has been announced by his students and friends 

\ bronze plaque bearing the inseription 


Robert J. Master Award bund 


to Honor 
Robert | Master 
Distinguished Leader and hamwmatr 


Department of Ophthalme 
1943-1954 
Hi 


stablished by 


Students and Friend 


will be placed in the offices of the Department ot | Iphthalmology, where Dr. Master 
has served as a member of the staff since 1925, shortly after receiving his M.D 
degree from Indiana University 

In addition to the plaque, Dr. Masters has been presented with a memorial 
volume containing congratulatory messages from students and associates m all 
parts of the country 

Dr. Masters, who retired as Chairman last year, continues as l’rofessor ot 
(Ophthalmology and maintains his active interest 1 the Department and his practice 
Under his leadership the Department of Ophthalmology and its eye clinics attained 
national recognition in teaching, service, and research. Dr. Masters has been 
prominent in many professional organizations and has filled important office 
including that of Chairman of the A. M. A, Section on Ophthalmology 

Dr. Fred M. Wilson, who has sueceeeded Dr. Masters as Chairman of the 
Department, has announced that the Award Fund will be used for graduate student 
in the Department of Ophthalmology as recognition of unusual excellence and 
achievement 
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VITAL STAINING OF CONJUNCTIVA AND CORNEA 


Review of Literature and Critical Study of Certain Dyes 


LIEUT. COL. JACK W. PASSMORE 
and 
COL. J. H. KING Jr. (MC), U. S. Army 


Staining of the conjunctiva and cornea 
has been practiced lor years as a diagnostic 
note that 


fluorescein has been used by ophthalmolo 


aid. Campbell and Boyd ! sodium 


yists for initial detection of breaks in the con 
tinuity of the epithelium of the cornea since 
1882 (Pfluger, 1882; Straub, 1888). Ber 
Von Miller for 
much of the original work in vital staining of 
More 


authors have evaluated certain 


liner * credits Knusel and 


the conjunctiva and cornea recently 


other stains 


employed for specific uses; however, there is 


an obvious dearth of material concerning 


this subject 


The importance of staining in ophthal 


mology has stimulated us to review the litera 


ture and to evaluate dyes which we have 


employed in our clinic. 


PHEORIES OF STAINING 


lhere are numerous theories attempting 


to explain staming. The probability is that 
taming is both a chemical and a physical 
phenomenon, The physical theory accounts 
for the penetration of the dye into the interior 
of the tissue by capillarity and osmosis, ad 
sorption, or absorption, or a combination of 
these. The chemical theory provides that tis 

Presented before the 
Medico- Dental 
1954 

Ocular Research Unit, Walter Reed 
cal Center, Washington, D. ¢ 
more) 

Clnef, Ophthalmology Service, and Director, 
Ocular Research Unit, Walter Reed Army Medical 
Center, Washington, D. ¢ 


Fifth Annual Military- 
Symposium, Philadelphia, Oct. 23 
Medi- 
Pass 


Army 
(Lieut. Col 


(Colonel King) 
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sues have definite chemical affinities which 
are satisfied by the chemical affinity of the 
cells 


accomplished in the eye 


dyes. How often staining of living 


(vital staining) 1s 


is not known, It is known that it is possible 


to stain the living cells of nerves and the 


corneal stroma However, the staining ot 


the precorneal film, of superficial lesions 
especially with breaks in the corneal epithe 
lium—of 


devitalized elements, and of sub 


epithelial tissue is important 


DYES EMPLOYED 


Conn * classifies dyes in two groups, the 


The 


few important representatives trom the bio 


natural and the artificial former has 


logical standpoint. Carmine, a cochineal de 


rivative, has been employed as an ophthalmi 


stain. The artificial, or coal tar, dyes, which 


number over 100, may be considered as 


derivatives of the hydrocarbon 
(Cally) 


compound which contains chromeophoric and 


he nzene 


Conn detines a dye as an organ 


auxochromic groups attached to benzene 


rings, the color being attributable to the 
chromophore, and the dyeing property to the 
salt-torming auxochrome. In ophthalmology 
focused on cer 


that 


yvreatest attention has been 


tain water-soluble have proved 


most successful 1 staining the conjunctiva 


and cornea. These include fluorescein ( Na 


salt), merbromin  ( Mercurochrome), rose 


bengal (Na salt), methylene blue (chloride ), 
I], cresyl 


polychrome methylene blue, azure 


blue, Nile blue sulfate, and scarlet red 


Dye nomenclature is extremely confusing 
in the literature, and many dyes have several 
synonyms. Those with the same name may 
vary greatly as to actual dye content, color 
solubility, and The im 


index, unpurities 


purities present in stains affect the solubility, 
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STAINING—CONJUNCTIVA AND 


the intensity of staining, and the irritability 
produced when used in the eye 
It is difficult to follow 


noted in the literature and be certain that the 


a staining formula 


solution approaches the identity ot the one 
North 


the Biological Stain Commission 


recommended by an author In 


\merica, 
has done much to remedy this deficiency by 
specification and certification of biological 
stains. Fifty-seven stains were certified as ol! 
1950, all North 


\merica.* The label on each of these dyes 


submitted by concerns in 
contains the percentage of dye content and a 


certification number 


The above-mentioned facts no doubt ex 
plain some of the variable results reported by 
different authors in evaluating conjunctival 


and corneal staining 


Factors influencing the stain employed are 
those which pertain to eye solutions in gen 
eral. Stability and staining activity are prime 
requisites. .\ stain should not produce undue 
irritation or prolonged discoloration which 1 
It should 
should 


the pt riod of time it is used 


visible grossly free of bacteria 


virus, and fungi, and remain so tor 


Many excellent 
papers have been published on the prepara 


tion, sterilization, and preservation ol 


ophthalmic solutions.+ 


HYDROGEN ION CONCENTRATION 


Hind and Goyan* cite the importance of 


the pH in affecting the activity, stability, and 


irritability of a solution. Since the ideal pH’ 


for these conditions may not comeide, some 


sacrifice may be necessary 


Lhe pli ol stains 


must be that resulting in solubility and g 


staining properties with the least irritability 


and greatest stability possible. A dye 1 
termed “acid” or “basic” depending upon 
the nature of the auxochrome present, and 


not on the hydrogen concentration. ‘There 


tore, acid dyes are often basic in reaction and 


vice versa 


* The National Aniline Division-Allied Chemical 
& Dye Co., New York 6, can supply most stains, 
20 of which are pure dyes, prepared especially for 
vital staining (12 certified) 


+ References 4 through 9 


CORNEA 


IRRITABILITY 


The irritation produced by a staining solu 
tion is modified not only by the impurities 
present and its pl, but by the preservative 
added. to sterility, Surface 


maintamn anes 


thesia may be used to lessen irritation, but 
certain anesthetic agents produce physiolog 
ical changes and alter the staining character 


desirable 


istics of the conjunctiva and cornea 


devitalizing action Gt cocaine ts 
when staining subepithelial tissues, Forster 

uses tetracaine ( Pontocaine) prior to stain 
ing with rose bengal in the diagnosis of deti 
but 


that the instillation of a local anesthetic betore 


cient tear formation, Sjogren Warns 


applying the dye has given talse-positive re 


sults in the diagnosis of this condition 
\lthough some staining solutions irritate 


more than others, the irritation noted by the 


patient is usually proportional to the devital 
ized area and to the injection of the conjunc 


tival vessels. Anesthesia is not required very 


frequently in surface staimmg. Tf irritation 


extrenn immediate irrigation is) beneficial 


and the staining effect is usually adequate for 


ciagnost the irritation ts prolonged 


tetracaine and patching may be utilized. Ina 
small have been 


series of normal eyes, we 


unable to demonstrate taining followime 
te pr il apy lication of tetracame but have 
onstrated it often with fluore 


il, and 


terri 


Tose 


methvlene blue following use. ol 


and tonometric mstrumentation 


ACTIVITY 


The activity of a stain includes tts effect 


strength and number of applications required 
to produce the effect, and duration of effect 
Stamimg of the precorne i) film require Ire 
olution af ob 


quent application of stamimny 


servation is prolonged, as the lids tend te 
break up its continuity and produce a mottled 
tear film 

Surface staining for epithelial defects mia 


] 


he accomplished by instilling 1 drop of solu 


tion, allowing the lids to close for one minute 


and irrigating. When penetration is desired 


2 drops at three to six successive five-minute 


intervals may be required for the desired re 


COTNCAL 


Vital 


stroma, 


sult staining of nerves and 


and even penetration into tre 
aqueous with fluorescein, may be attained in 
this manner. Irrigation of excess stain may 
he accomplished with either isotonic saline 
or boric acid solution 


STERILITY 


Sterility is a most important factor in 

staining solutions, since many eyes which re 

quire staining have suffered injuries or have 

epithelial defects which lower resistance and 

remove the barrier against infectious organ 
This ts 


stains 


isms true for the most common) 


used rose bengal, methylene blue, 


and, especially, fluorescein. Fluorescein i 


] 


kept in most ophthalmic clinies, offices, and 


hospitals Theodore ® reports bacterial 


study of fluorescein used in a hospital in 


which all 26 bottles were contaminated with 


Pseudomonas aeruginosa ; 10 of 15 solutions 


in Offices of ophthalmologists were likewis 


contaminated 
There is much conflict in the literature con 


cerning the sterilization and preservation 


eye solutions in general. Sterility is 


obtained by proper preparation, by the addi 


tion of an inert, nonirritatiny bactericidal and 


lunge idal agent comy atible with the staining 


olution, and by dispensing in a form which 


the chance of contamin Phe 


use of bottle with screw te ps and individu 


di po able piasti droppers, a reported 


King,” is simple and offers excellent protec 


tron, Wimura obtained favorable result 
with fluorescein-impregnated paper to insure 


sterility of that stain 


al N, | 


10,000 


( Merthiolate ), ] 
(Zephir ith) 
and 


| hiome 
lo ] 


5,000 
benzalkonium 


chloride, 1:5.000 to 1 10,000, chloro 


butanol, 0.5%, have been emploved for pur 


poses of sterility. Benzalkonium is in ompat 
ible 


some precipitation when used as a preserva 


with the Gifford buffers and results in 


tive in fluorescein sodium or buffered ros 


bengal. Hogan’ does not consider the in 


compatibility as affecting the action or uss 
of fluorescein and employs it 1:10,000 in a 
Jenzalkonium is 


borate-buffered solution 
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stable and retains its a tivity. Thiomerosal is 


sufficiently anti-infective if the other meas 
llowed 


sodium and therefore is the 
that 


ures mentioned are fi It is compatible 


with fluorescein 


preferred preservative for stain. It 1s 


stable in air and may be autoclaved. It is un 


stable in sunlight and requires light prote: 


tion (amber bottle), and it is relatively non 


irritating im the strengths recommended 


Chlorobutanol is preferred by some® be 


cause sensitivities are infrequent \ small 


amount may be added to solutions every twe 
weeks if fresh solutions cannot be obtained 

Preliminary evaluation of the addition of 
soluble tablets of polymyxin B sulfate (Aero 
sporin)t to fluorescein solution indicates 
evidence of additional protection against con 
tamination by P 


aeruginosa. bkurther inves 


ligations are being made along this line 


INDIVIDUAL 
ANILINE 


STAINS 
OR COA Tar, Dye 


Yanthene Group (acid chromophore 


lluorane derivatives ( water-soluble 


salts of fluorescein, merbromin, and 
ise bengal ) 
Sodiun 


\. Fluorescein olution 1 


prepared by our pharmacy 


lluorescein sodiun 
Potassium phosphate 
Sodium pho phate a 


dium chloride 


il ( Merthio 


This is filtered through a Buchner filter using 
hard No, 850 filter paper and is dispensed in 
10 ealed 


It is autoclaved 7 to 10 minutes at 


imiber bottles with a SCTEW Cay 
17 to 20 
\ di posable dropper, 


ich 


container 


Ib. pressure at 250 | 


previously referred to, is used time 


fluorescein is withdrawn from its 


lhe dropper may be allowed to touch the eve 
is dis 


during application, if necessary, as it 


carded after applying the stain to one eve 


{ Obtained through the courtesy of Burroughs 
W elleome & Tuckahoe, N 7 


§$ These substances are not dyes but are 


Company, Inc., 
true 


classified as such because fluorane contains the 


xanthene ring 


‘ 
4 
ad 
illy 

i 
hydrous 4.0 
18 
Be = 


VITAL STAINING 


CONJUNCTIVA {VND 


\ny staining solution unused two weeks atter 
the 
greatest 


broken should be discarded for 


seal Is 
satety 
the 


It stains the precorneal film 


Kluorescein 1s most satistactory tor 


surface staining 


and demonstrates surface irregularities and 


changes in epithelial thickness. Ulcerated 


areas stain green, and foreign bodies are sur 


rounded by a green ring if not epithelized 


early corneal wounds retain the stain tor 


their entire depth. Fluorescein will demon 
strate a postoperative filtrating aqueous leak 
(Seidel test) Mucus 


epithelial cells can be demonstrated 


and desquamated 
cein is useful in demonstrating pomts ot pres 
\nder 
of the fluorescent 
should be 

He employs light 
as the 


sure in the fitting of contact lenses 
feels that 


Son) 


more use 


property of fluorescein made in 


studying ocular disorders 


from the violet end of the spectrum 


exciting light, and a yellow filter for active 


observation in his technique, Campbell and 


Boyd? present a method for assessing the 
rate of healing in corneal uleers by comparing 
the intensity of staining by fluorescein solu 
tion with fluorescein-impregnated filter paper 
under an ultraviolet lamp 


The 


stable and rarely produces irritability. The 


solution we and 


prepare is active 
solution, followed by 
with the lid 
closed prior to irrigation, is usually sufficient 


[he 


ace omplishe d, and 


application of | drop ol 


a 30- to OO-second interval 


to produce the desired ettect Irrigation 


Ol exce tain is @asily 


undesirable discoloration does 


not occur 
Venetration of fluorescein may be produced 
by more instillations and delayed irrigation 
tudy of the 


can 


if the fluorescence in 


| he ye 


anterior 


corneal 


stroma is desired made to 


penetrate into the chamber: how 


ever, we have had no occasion to utilize thi 


diagnostically 


Sterility is maintained by the technique 


described above. Repeated cultures on many 


bottles opened and in use in this clinic for 


periods up to two weeks have failed to re 


veal organisms. Typical contamination wa 


simulated on several occasions by making a 


suspension of the secretion from an infected 


CORNEA 


conjunctiva in sterile water. This was mixed, 
and | drop was placed in known sterile 
solutions of fluorescein and merbromin 
(1: 100) 


isms (Staphylococcus and Bacillus subtilis ) 


Cultures of these revealed organ 


in the aqueous solution and the merbromin 
lhe with 1 :5000) thio 


merosal did not culture 


fluorescein solution 
organisms 

\ typed culture of 2. aeruginosa ot human 
ATCC 10137) 
10° 10’ organisms) im duplicate into 
15000 


origin ( was inoculated 


nine vials of fluorescein contaimimg 


vials in 
3333 


thiomerosal and polymyxin sultate, 500 


thiomerosal and, similarly, into nine 


dupheate of fluorescein contaming 


units per cubic centimeter \s controls, 
duplicate tubes of broth were similarly mocu 
lated with each set The vials were sub 
cultured to broth (Tr.S.B.) daily tor tive 
davs, and after this time the broth cultures 
were streaked onto blood agar plates These 


subeul 


tures from solutions containing thiomerosal 


plates were incubated 48 hours 


and thiomerosal with polymyxin [I sultate 
Broth controls 
the 


were negative were positive 


throughout experiment, subcultures 


showing abundant growth of I’. aeruginosa 
that 1:5000 thiomerosal 


effective against this particular stram of P 


It is noted was 


aeruginosa. The possibility of a stram of P 
5000) thiomerosal 


in sulfate exist 


aeruginosa resistant to | 


and sensitive to polymys 


The highe 
micro-organisms 


but 


st dilution of merbromin killing 


after a 10-minute period, 


not after a 5-minute contact at 37 C1 


compared with that for thiomerosal ( Birk 


haug'') in the following tabulation 
Organism Merbromin ‘Thiomerosal 
Staphylococcus aureus 1: 100 1: 120,000 
Hemolytic Streptococcus . 1: 320 1: 112,000 
Pneumococcus Type | 240 1. 64,000 
Iescherichia coli 1: 180 1: 32,000 
(jonococcus 1: 240 1: 48,000 
B. subtiuli 1: 300 1: 24,000 


2. Merbromin (a fluorescein derivative 
dibromhydroxymercurifluorescein): a 
stain it is used ina 1% or 2% aqueous solu 


tion. The 2% solution produces better stain 


7\ 


ing and is less likely to become contaminated 


but causes slightly greater irritation. It may 


be used for surface staining, the denuded 


area taining red. Its coloring effect 1s in 


ferior to that of fluorescein, and multiple in 
tillations are usually required to secure this 
effect. It is relatively nonirritating to tissue 
but more patients complain of burning and 
irritation trom it than from fluorescein. [x 

stain irrigates freely from the conjun 
tival sac 


Penetrability for living tissue i 


poor The bactericidal activity of merbromin 


is greatly reduced by the presence of organ 


thatter Ihe hydrogen lon concentration 


affects the solution, which becomes relatively 


impotent buttered to pH of body fluid 
Merbromin, instead of being bactericidal, a 
is commonly thought, is relatively unsafe, in 


our opinion, Sterility is difficult to maintain 


without an additional preservative, and the 


olution is irritating in strengths necessary 


to insure sterility. Merbromin is not recom 


mended for routine use as a stain 


(. Rose bengal (certified): This may 


prepared as is fluorescein, in a 1% 


aqueous solution with 1 :5000 benzalkonium 


chloride or 1 :5000 thiomerosal as a preserva 
tive. It may he phosphate-buffered if thio 


merosal is utilized, as benzalkonium result 


in precipitation, A 1% aqueous solution in 


1 5000 benzalkonium chloride is employed in 


our clime. This stain is useful as a diagnosti 


aid in suspected cases of keratoconjunctiviti 


sicca and suspected exposure keratiti 


(lagophthalmos, exophthalmos, eetropion ) 


with desiccation of the epithelium in the in 
te rpalpebral zone 


Schirmer '’ introduced rose bengal in 1% 


solution for revealing the conjunctival 


changes accompanying deficient tear forma 
tion. Sjogren '' recommends surface stain 
ing with this solution in the diagnosis of 
keratoconjunctivitis sicea. Forster,’’ in an 
effort to find a more reliable test for indicat 
ing early cases of this condition, compared 
the dye test with the filter 


paper test ol 


Schirmer. He found good correlation in 
strongly positive cases, but not in mild cases 


Thirty of 98 eves analyzed showed a mildly 
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positive rose bengal test, and tor 23 ol these 
the Schirmer test done 


lirst Was negative 
reports favorable results using 1% 
rose ( hloretone ) 


bengal in chlorobutanol 
water as an aid in the diagnosis of keratocon 
junctivitis and recommends it in diagnosing 


4 


of chroni 


The 


vitalized conjunctival and corneal epithelium 


Cases conjunctivitis 


dye appears to stain selectively de 
Small red dots appear on the conjunctiva and 
cornea wherever epithelium is desquamating 
Phe diagnosis of keratoconjunctivitis is prob 
able in suspected cases when groups ot stain 
noted on the 


Ing spots are conjunctiva of 


cornea. The bulbar conjunctiva and caruncle 
tain intensely in 


tor several hours 


the interpalpebral area 


frequently is cosmetically disfiguring 


Irritation is) more frequent with rose 


bengal than with fluorescein. It is usually 
proportional to the devitalized area of the 
cornea and conjunctiva and to the injection 


oft the ssels We 


often found it necessary to use 


conjunctival ve have not 
surtace anes 
thesia prior to staining with rose bengal. Ii 
tetracaine 1s used and a positive test results, 
the test may be repeated later without use of 
tetracaine in order to rule out a false positive 


result 


Copious irrigation is required to remove 
excess rose bengal, and discoloration of the 
skin around the patient's eve and of the e) 
aminer's fingers is more pronounced than 


with fluorescein 


Il. Ouimone limids Group (basic chromo 
The 


blue, polychrome methylene blue, and azure 


phore dyes) \ thiazins (methylene 
Il): Methylene blue for vital staining should 
be the U.S. 


an especially 


, zine-tree, certified dye, since 
pure product is needed. On 
standing, all methylene blue solutions oxidize 
and contain varying amounts of the lower 
homologs, primarily azure A and azure B 
These are more violet in color than methy 
lene blue and are more selective in their stain 
ing properties. Methylene blue which con 


tains large proportions of these oxidation 


products is called polychrome methylene blue 


\zure Il is a mixture of equal parts of 


— - 
i, 1M ) 
= 

|. 
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\TAINING—CONJUNCTII 


1 AND 


blue 


\ and azure B) 


methylene and azure | (a 


muxture ol 
iZuTe 

Keach of these dyes has been reported a 
having been emploved for vital staining. bx 
cause of their close relationship, and since 
oxidation occurs so readily, resulting in mix 
tures of the three in a staining solution, they 


will be discussed simultaneously 


They ap 


pear about equally effective, the latter two 


being more selective in their staining proper 
ties but exhibiting less penetration than the 
purer methylene blue 


These staining solutions are utilized in 
vital staining of nerve tissue , tor which a non 
toxic basic dye is required The corneal 


nerves stain well, appearing as delicate bluish 
filaments, and the end-plates of nerve fila 
ments can be similarly stained. Conjunctival 
lymph channels stain poorly, and subecon 
junctival injection has been recommended to 
accomplish this. Some parenchymal cells of 


the normal cornea can be stained, but this is 


exhibited more readily in diseased conditions 
lpithehial cells retain stain, ¢ spec tally in such 


vmithologi conditions as corneal ulcers, 


erosions, and keratitis. Subepithelial tissue 


is stained readily, e.g., phlyetenula, pingue 


cula, and episcleritis nodule 


These dyes are employed in 0.5% aqueous 


solutions. methylene blue in 1% 


ous solution is satisfactory but produces more 
staming, 2 « 
instilled at least three 


intervals 


lo obtain vital 
of solutions should le 


times at 


Irritation 


lrops 
five-minute Simkova 

obtained best results in vital staining of the 
cornea with a 0.3% solution of polychrome 
methylene blue of pH 7.9. Tle repeated in 
stillation of the drops & to 10 times at five 
nunute mtervals and then examined the pa 


Valuable 


obtained in following up 


tient every 15 minutes for an hour 
Information Was 
the degenerative and regenerative phases in 
corneal diseases and comparing this with re 

sults obtained on histological examination of 
silver-impregnated cornea. Penetration 
vital staming is enhanced by the prior use of 


The 


creased by contrast staining with scarlet red 


cocaine effect of these stains 1s in 


or fluorescein 


CORNI 


Considerable 
these 


irritation result 


from 


stains, Topical anesthesia is recom 


mended to prevent this, since it enhances 


the penetration ot the drug at the same time 
lhe eve should be patched if discoloration 


or irritation is prolonged, and especially a 


CoOcaTInG has been used 
\Ithough these dyes are fair bacteriostat 
ics, they are not very effective as bactert 


cides, Goodman and Gilman 


report methy 
lene blue as bactericidal against the Staphy 
but the 


organisms in 


lococcus m dilution, 


dyes are unsafe against most 


strengths used. bkesch. colt survives 25 minutes 


ina 1:10 dilution. The addition of benzal 


konium chloride 1:5000 insures better ste 


rility, and its action as a wetting agent im 


proves penetrability. If sterility is checked 


lrequently, these solutions may be 


kept on 


hand, as oxidation which oceurs (in 


stability ) increases staiminy activity 


Methylene blue (basic dye) may be mixed 


with equal parts of eosin (acid dye) to form 


a neutral stain 
B. The Oxazins (Nile blue sulfate and 
brilliant cresyl blue): These two dyes are 


prepared ina O.5% aqueous solution, Both 


have been utilized for vital staining of the 
conjunctiva and cornea, Gaellemaarts * em 
ployed Nile blue sulfate as a O4% solution 


Irwin ! 


(1927) found ere 


favorable dye available for investigating pene 


blue the most 


tration into living cells. It 


appears to have 


an especial affinity for epithelial cells. Sub 


epithelial staining is obtained, but we do not 


consider the ettect produced to be uperior to 


that produced by methylene blue 


Irritation is minimal with 0.5% solution 


( ocaime imecreases penetration and diminishes 


Irritation, Some discoloration of the skin 
around the eye occurs, but this washes off 
Iso Group (basic dyes) Scarlet 
red oil solution (Sudan IV certified) is the 
only important dye im this group. Scarlet 
red is soluble in oil (olive oil) 
Scarlet red, 0.5%, 1s of greatest value in 


contrast stamming when used as a counter 


stain with the quinone imide dyes for vital 


staining. It makes the tear film appear red, 


In contrast with the 


ubepithelial 
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taining of the others, It is more satisfactory 
than fluorescein for this purpose 

Knusel states that the normal conjune 
tiva does not stain with either searlet red 
or methylene blue except for isolated epi 
thelial cells and droplets in the secretion of 
the tears. He reports that whenever such 
staining appeared in the grossly unchanged 
conjunctiva, some infiltration was found at 
biopsy ‘| he stained corneal cells appeal 
brown in reflected light and dark red in 
transilluminated light. The conjunctival cells 


are brown or wine-red 


NATURAL Dyt 

Carmine (alum lake certified) is the only 
natural dye to be utilized as a staining agent 
for the conjunctiva and cornea. It is soluble 
at a pH! of over & with sodium carbonate 
or borate and may be made up in a 0.5% 
solution im Gifford buffer, &.47. It is 
incompatible with benzalkonium chloride, 
precipitation resulting, but is compatible with 
thiomerosal, We have found no specific in 
dications for its use. Surface defects do not 
stain, but subepithelial tissue stains brownish 
red 


UMMARY AND CONCLUSIONS 


Various dyes which have been utilized 
most frequently in ophthalmology for staining 
of the conjunctiva and cornea are discussed 
The literature is reviewed, and an attempt 
at evaluation has been made at this clini 

Three staming solutions would serve most 
ophthalmologists sufficiently well. Fluores 
cei is still the most satisfactory stain for 
veneral use if strict sterility is maintained 
Preliminary evidence indicates that the utili 
zation of polymyxin B sulfate in this staining 
solution offers additional protection against 
contamination by aeruginosa. Rose bengal 
is more valuable in diagnosing early cases of 
keratoconjunctivitis sicea. Methylene blue is 
adequate for vital staining of subepithelial 
tissues, and its effect is enhanced by prior 
use of cocaine and with a counterstain of 
fluorescein or searlet red for contrast 
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Scientific Exhibits 


ORGANISMS IDENTIFIED IN INFLAMMATORY LESIONS OF EYES 
IN THE REGISTRY OF OPHTHALMIC PATHOLOGY 


Armed Forces Institute of Pathology, Washington, D. C 


HELENOR CAMPBELL WILDER 
WASHINGTON, D. C 
AND 
MAJOR JOHN H. BICKERTON 
MEDICAL CORPS, UNITED STATES AIR FORCE 


inclusion bodies resembling those of herpe 
nema palidum, Mycobacterium tuberculosi Mycobacterium leprae \Iucer 
Candida, loxopla ma, Cysticercus, and nematode larvae have been demonstrated 


intraocular granulomatous lesions in the Registry of Ophthalmic Pathology at the 


\rmed borces Institute of Pathology, and examp! ons which the 
with brief clinical histories and statistical data, ar cluded in the exhibit 
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1—VIRUS? AND SYPHILIS 


VIRUS? 


From a 59-year-old white woman with uveitis of two years’ duration, No history ot 


injury. Wassermann and tuberculin reactions negative 


Intranuclear inclusion bodies demonstrated in one eye 


SYPHILIS 


From a 39-year-old white man who had Freponema pallidum demonstrated in two 


heen treated for chancre. Wassermann nega- eyes 
tive at time of enucleation 
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LEGENDS TO PANEL | 


1.—Dittuse P. 62192 


Intranuclear melusion bodies 1 P. 62192 


Intranuclear inclusion bodes » 62192 


neuritt 11477 


freponema pallidum in chorioretinal lesion, Warthin- starry 


PANEL II—TUBERCULOSIS AND LEPROSY 


TUBERCULOSIS 


From a 5-vear-old Korean girl with tuber 


From a 34-vear-old) white woman with 


culous lymphadenitis pulmonary tubereulosts 


From a 17-year-old Negro girl with pul Mycobacterium tuberculosis demonstrated 


monary tuberculosis in 10 eve 


Fig. 2—Granulomatous acute retinitis with nect A. F. P. 
big Syphilitie ¢ rioretimtrs and 
Fig. 6 — stain. A. 1. P. 114775 
ithe 
\K 
? 
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PANEL II—TUBERCULOSIS AND LEPROSY (Cont.) 


LEPROSY 


Ikyes enucleated during life from adults 
with lepromatous leprosy 


Mycobacterium leprae demonstrated in 28 eyes. 
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LEGENDS TO PANEL II 


big. | luberculous iridocyelitis. A. F. 1. P 


erculous cl 


539890) 
big. 2.—Tul orioretinitis and endophthalmiti 


Pubercolous panophthalmitis. A. F. P. 84599 
Mycobacterium tuberculosis in giant cell in el Acid tuchsi 
185597 

Leprous iridocyclitis. A. F. P. 123164 
ll forming ints 


pearl.” A. F. I 
Lepra and epithelioid cells in ciliary body 


Myer 


/ 


I. P. 123164 
bacterium leprae in giant (lepra) cell 


fuchsin. A 
9 -Mycobactern 


217656 


tuch 


wn leprae in epithelioid “foamy” cells 


2176056 


PANEL IIlI—MYCOSIS 
CRYPTOCOCCOSIS 


Cryptococcus demonstrated im three eyes 


From 29-year-old white man who died 
with malignant Ivmphoma (Cryptococcus 
infection of luny and choroid. [eye removed 
at autopsy 


From 76-vear-old white woman with ocular inflammation for four months. No other 
clisea 


\. F 185507 
big. 3 
lig. 4 A. F.1.] 
ig. 5 
rig. 6 
big. 7 
hig 
Fis 
“ 
rt 
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PANEL III—MYCOSIS (Cont.) 


BLASTOMYCOSIS 


Blastomyces demonstrated in two eves. 


From 65-year-old white man who died with generalized blastomycosis removed 
at autopsy 


MUCOR MYCOSIS 


‘ 


ad 
. 
Mucor demonstrated in one eye 


rom 73-year-old white man who died with Mucor meningitis. lye removed at autopsy 
5x0 
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PANEL III—MYCOSIS (Cont.) 
MONILIASIS 


Candida demonstrated im one 
man who died with Candida meningitis 
removed at 


From 30-year-old white 


eve 
has been tuberculosis 


I: 


hie 


Autopsy) ( ase reported by |. B 


LEGENDS TO PANEL III 


Fig. 1—Granulomatous Ie 
2 \cute cr 


ion choroid 262406 
yptococcic Chorioretiniti 161194 


ryptoce m cells of 


retinal 
mucicarmine, A. F. P 


161194 
iridoeyclitis., A. F. 87 
bodies 


pigment chum and 


4.— Blastomycoti 


Double-contour ol Blastomyces Gridley tungu 
872600 


Budding form of Blastomyeces. Gridley fungus stain 
Mucor mycelia around cireulu 


\ 


Major 
Mucor mycelia in choroid 


87679 
( andida a 
10 ( 


23RR15 


vitreou 


andida albicans in vitreou 


leucotuchsin-emethy! 


PANEL IV—TOXOPLASMOSIS AND HELMINTHIASIS 
TOXOPLASMA 


loxoplasmuec chorioretinitis, infantile 
loxoplasma demonstrated in the eye 


ol two imtant 


clinical « 


9 10 J 
lig subretinal space. Mayer 
60) 
ig s stain. A, F. 1. P 
hig. 6 87200 
Fig. 7 \. 1. BP. 87679 
Fig. 
big 15 
big recn, A. 1. P 
‘ 
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PANEL IV—TOXOPLASMOSIS AND HELMINTHIASIS (Cont.) 


TOXOPLASMA 


Toxoplasmic chorioretinitis, infantile 


Poxoplasmia demonstrated im the eyes of two infants (cont. ) 


eves enucleated at autopsy from itants 


dying with toxoplasmosis 


Toxoplasmic chorioretinitis, adult 


Protozoa demonstrated in the eyes of 58 adults 
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PANEL IV—TOXOPLASMOSIS AND HELMINTHIASIS (Cont.) 


TOXOPLASMA 


* 
4 


49% 
loxoplasmic chorioretinitis, adult 


Protozoa demonstrated in the eyes of 58 adults (cont. ) 


Ieves enucleated trom adults without ap 


parent systemic disease 


HELMINTHIASIS 


NEMATODE ENDOPHTHALMITIS 


Nematode larvae demonstrated in 28 eyes. 
Eyes enucleated from children with clinical diagnosis of retinoblastoma 


Bes 
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HELMINTHIASIS (Cont.) 


CYSTICERCUS, INTRAOCULAR 


(ysticercus demonstrated in two eves 


rom 7-year-old Mexican boy with Taenia solium infection of intestinal tract 


LEGENDS TO PANEL IV 
Fig oxoplasmic chorioretinitis with scleral involvement 
ig oxoplasmic chorioretinitis with retinal necrosi 
oplasmas in mononuclear cell in retina P. 283307 
oplasmic pseudocyst in retina I. 1. P. 283307 
plasmas in rosette formation in retina 
xoplasmic chorioretiniti F. 1. P. 209318 
Poxoplasmie granulomatous chorioretinitis with retinal ne rosi 
Intracellular protozoa in retina F. J. P. 482589 
. 9.—Protozoa in rosette iormation. A. I. P. 165904 


10.—Necrotie cell or pseudocyst containing ill-defined protozoa in necrotic retina 


70313 


‘ig. 11.—Eosinophilic abscess in chorioretinal lesion of ne matode endophthalmitis 


132401 


Nematode larva in cosinophilic abscess surrounded by granulomatous reaction 


Il. P. 69623 
‘ig. 13.—Cysticercus in vitreous. A. F. I. P. 198704 


“ig. 14.—Hooklet of Cysticercus A. F. I. P. 198704 


2 
P. 283307 
} 17524 
A. bk. P. 171510 
bi 
I 
A. F. P 
7 Fig. 12 
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JOHN M. McLEAN, M.D., New York 


The year since the last review on this sub 


ject | has been marked more by the quantity 


of papers on the lens than by any great ad 


vance in knowledge. Approximately two 


thirds of the contributions are about details 


of surgical technique, few of them new 


Roughly a quarter of these concern exper 


The 


more fundamental reports deal mostly with 


ences with intraocular aervlic lenses 


the chemistry of the lens in relation to cata 
ract formation and the mechanism of radia 


tion 


cataract. Literature on the vitreous is 


rather sparse 
LENS 


drawn 


vreatest 


The one subject which has 
attention is the intraocular 
implantation of a plastic lens at the end of 
cataract extraction. It does not seem worth 
while to review all of the small papers which 
report performance of the Ridley operation 
but contribute nothing else 

Ridley 


perience with the operation and his generally 


himself reports his continued ex 
good results, He reviews the complications 
very completely and feels that the operation 
can be strongly recommended. In one in 
stance he successfully performed a posterior 
discission of the capsule behind the implant 
to improve vision. A series of over 100 cases 
vielded final acuity of better than 6/9 in 66% 


and less than 6/60 in only 7% 


The results and opinions of others who 
have tried the operation vary. In this coun 


try, Reese ® seems to have had the greatest 
experience, and his opinion is distinctly fav 
orable. Of 29 cases of attempted implant 


after extracapsular extraction, he was unsuc 


cessful in 2. One other patient developed a 


severe uveitis with glaucoma which required 


iridectomy, and one 


lens became partially 


dislocated and had to be removed The over 


all visual results 


compare favorably with 


those after the classi extracapsular opera 
tion 


\t the very same meeting where this re 


port was given, Finlay and Romaine * ren 


dered a more pessimistic opimmion, Of 11 


cases, attempts at msertion ot the lens were 


abandoned in 2 because of vitreous loss, Two 


implants were removed later for severe 


uveitis and glaucoma. In one of these there 


was a possible sympathetic ophthalmia 


Three cases developed occluded pupils. In 
one of these the lens was subsequently de 
pressed in an attempt to open the ocelusion 
our patients finally obtained 20/40 or bet 
ter with additional correcting lenses, and two 
of them developed fusion with the normal 
\ll the authors’ case 


longed postoperative iritis, and most of 


fellow eye had pro 
them adequate fundus study was not possible 

\fter these two reports, the Cataract l’anel 
of the American Academy of Ophthalmology 
and Otolaryngology rendered the opinion * 
that the Ridley suffi 
ciently proved to justify general use in this 
country 


operation is not yet 


Both favorable and unfavorable opinion 
are reported from various countries. Arruga 


and Arruga ® experienced three dislocations 


of the plastic lens—one at the time of opera 


They 


were well tolerated in the vitreous, although 


tion, two about a year postoperatively 


one patient developed a transient glaucoma 
These authors concluded that the ultimate 


results were good in spite of the postopera 


*Fry, W. E., in 


Finlay and Romaine. 


discussion on Reese* and 
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tive reaction and slow elimination of pigment 
deposited on the face of the lens 

Malbran and Salleras® cite 15 cases with 
3 dislocations after intrac apsular extraction 
Visual acuity was better than 0.5 in six cases 
better than O.1 in two, and less than 0.1 in 
four, ne patient who had had a monocular 
cataract and exotropia deve loped acuity of 
1.0 and third-degree fusion in 40 days 

MelLean 
better in 


20/00 in 4 


reports final vision of 20/40 or 
of 17 cases and 20/100 to 
He 


tions vitreous hemorrhage, pigment migra 


9 out 


stresses as complhica 


tion, and secondary glaucoma. Patwardhan * 
cites two good results with short follow-up 
Naim 


ot 


‘ reports four cases, with gross tilt 
the He feels that the 


operation will be very useful in Egypt, where 


my lens in one 


ylasses severely handic ap the field workers 


\nton + implanted the plastic lens four 
sat cataract extraction and twice months 
all six the 


satistactory 


afterward In Instances results 
were 

(ther encouraging reports include those 
based on 12 Cases, 


the 


by Miller and Carton,’ 


and Gupta’? who. stressed amount of 


pigment deposited on the lens 
Doleet '* is less with 


encouraging, poor 


results in all of seven cases. One lens was 
lost in the vitreous three months later: two 
had to be removed 


cluded 


vision, and one died 


wo pupils hecame 
One patient finally achieved 6/36 
lonkers reported severe postoperative 
uveitis, which he aseribed to reaction of the 
iris to the plastic 
the 


Desvignes considered 
operation unsafe 
Valazon,'*® Silvan | opez,'” and Guzman 2° 
all described suction cups to handle the lens 
The last of 
them also commented on the advantage of 


the 


In its imsertion and centering 


suction cup when removal of the lens 


hecame necessary 


Vonocular Aphakia-Other than the Rid 
ley lens, methods for rehabilitating patients 
with monocular cataracts received little at 


tention in. the 


+ References 10 and 11 
t References 16 and 17 
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past year. Cowan *' urged 
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that a patient with one good eve be left alone 
He felt that neither contact lenses nor any 
other device could restore useful binocular 
Vision to patients witl 


fusion would be impossible 


monocular aphakia 


claimed on theoretical grounds that 


Constantine and Mel.ean. 
able to 


monocular aphakia were able to obtain fusion 


howe Ver, were 


show that 25 of 340 patients with 


with contact lenses. They cite 60 to 62 pa 
tients with apparently satisfactory binocular 
vision. In seven patients with third vrade 
husion 


amiseikonia measured from to 


Similarly, FF. Ridley studied 1O8 cases 


+3 
light of them had suppres 
10 


of unilateral aphakia ; were fitted with 


contact lenses 


sion and vave up the lenses, but 


wore 
He 


felt that the interval hetween the de velopment 


them all day and 25 for varying times 
of the cataract and operation was more im 
portant than the period between operation 
and fitting of the lens 

It would seem, then, that contact lenses 
do offer a practical solution to the dilemma 
ap 


praisal and refinement of the Ridley opera 


of monocular aphakia until adequate 
tion can be had. Certainly. potential danger 
to the eye is less when the plastic material 
Is not intraocular 
CATARACT 


SURGERY 


Much of 
to 


the literature the 
of the 
complete discussion is to he 
of 
(phthalmology 
late Daniel B 


erator, outlined 


ot past 
The 


found 


year 


relates surgery lens most 
the 

of 
he 


mod 


symposium the American Academy 
and Otolaryngology 
Kirby, who served as 
the indications for opera 
tion, the variations in technique with dif 
ferent surgeons, and the usual means of esti 
mating prognosis. He advocated intracap 
sular extraction in all but young patients and 
stressed the need for flexibility of surgical 
methods to meet complicating situations 
\tkinson * the 


patient, stressing asepsis and antimicrobial 


discussed preparation of 


agents. He urged individualization of seda 


tives and analgesics and adequate local anes- 


q 

4 

4 

it 
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thesia and akinesia. Intravenous thiopental 


and intravenous curare were offered as al 


ternatives 


Davis ** stated his personal preference for 


knife sections but recognized the growing 


popularity of keratome-scissors techniques 
detail 


against a knife that is too sharp 


Both are discussed in cautions 
(This is a 
problem which has never plagued the re 
viewer.) Corneoscleral sutures are strongly 
urged, and various types are illustrated and 
described, including his own Peripheral 
iridotomy is preferred, but peripheral iridec 
tomy and complete iridectomy are described 
discussed extracapsular extraction, 
suggesting that it might be used for mature 
or hypermature lenses and in patients undet 
30 years of age. He also described extracap 
sular completion of operation when intra 
capsular extraction had been planned 


Vail 


tracapsular extraction with emphasis on the 


outlined the usual methods of in 


structure of the zonule 
Mel can, 


technique in the face of complications, sug 


in discussing modifications in 


gested shallow, corneal incisions in’ eyes 


prone to bleed and deep, entirely scleral in 
lull 


narrow-angle 


cisions for Tuchs’s dystrophy iridec 


tomy was recommended in 
glaucoma, old uveitis with massive synechias, 
rigid pupils, and with deep scleral sections 
Radial indotomy was suggested when there 


\dreno 


recommended 


is danger of a “hammock” pupil 


cortical steroid therapy was 

when a lens must be extracted in the presence 

of uveitis 
Clark 


tion 


discussed complications at opera 
When retrobulbar injection produces 
bleeding, the operation is abandoned, and he 
prefers other methods of anesthesia and aki 


nesia when it is again undertaken. Free use 


of canthotomy is advocated for adequate ex 


posure. Cautery is suggested to control 007 


ing vessels. Means of eliminating pressure 
to prevent vitreous loss are discussed 
Chandler *' advised good corneoscleral su 
tures to prevent flat 
leak occurs. Air 


injection and posterior sclerotomy may be 


anterior chamber and 


repair of wound when it 


used when no leak is found. He urged prompt 


repair of iris prolapse. Anterior chamber 
hemorrhage was treated expectantly unless 
increased pressure supervened, when para 
centesis Was advised He considered corneal 
edema a dangerous complication and urged 
early ettorts at freeing any 


Vitreous trom 


contact with the cornea Vupillary block was 


reviewed and early relief by iris metsion of 
excision advocated 

Guyton deseribed and illustrated 
the histopathological picture of many of the 


commoner complications 


Wound Closure \ number of individual 


papers on wound closure have appeared with 
out any Vila-Coro 

gives a long review of the subject, stressing 
the prophylactic 
llaporta 


major mnovations 


value of good sutures 
‘ publishes a similar, but shorter, 
review 

\ few minor modifications have appeared 
Stallard has adopted a single “Melean 
type” corneoscleral suture with a large knot 
on the corneal so that the 


be used to open the wound 


side suture can 
\lvis has also 
modified this style of preplaced suture by 
making it mattress in type 

lo“ and Shah 


Verhoett 


have each modified the 


track suture, while Krwawiez 
has developed a continuous corneoscleral su 
ture 

‘i 


(solovine has returned to the old tech 


nique of conjunctival bridge without sutures 
for operation on “unruly” African 
His a trifle difficult 

Dunnington and 


natives 
rationale ts to follow 
Regan,’ in the Bedell 
report their further studies on su 


and 


Lecture 


tures cataract wound healing. They 


found less tissue necrosis and less epithelial 
ingrowth along the suture track with plain 
or mildly chromicized surgical gut than with 
silk lain yut caused a polymorphonue lear 
reaction with early disintegration of the su 
ture, but chromic gut stood up at least seven 
days. The 
14 days 


when silk 


wound appeared well healed in 
but broader and more vascular than 


was used Vheir conclusion ts 


that mild chromic gut is at least as satisfac 
tory as silk 


Incision. The polemic on relative merits 


of knife or keratome-scissors section seems 


SR7 


to be finally Zolotnikova and 
Klikova ** argue for knife section and tum 
bling Gill * and 
favor use of keratome and scissors 


Williamson-Noble *° and Sobhy “ both ex 


subsiding 


delivery of the lens. 


|Llorea ** 


tol the merits of corneal sections in front of 
Mitkova 


incisions for soft cataract 


vlaucoma fistulas prefers corneal 


/ echnique \ number of 


gyeneral ac 
counts of surgical technique have appeared 
LeWin,’* Meesmann," and 


general 


in the past year 


give 
outlines his own approach and Gil 


accounts, while 
Sved 
lett °* advises corneoscleral sutures and early 
ambulation for the 


osteopathic surgeon 


Kirby and Krell review causes of failure 
Pettit 


preoperative testing with perforated dises 


and complications correlates the 
and red and white lights with postoperative 
visual results 

Meesmann and Lange advise homa 
tropine and glaucosan (epinephrine and his 
tamine) lor preoperative mydriasis, with 
intracameral pilocarpine and air at the com 
pletion of operation, They feel that this com 


lnnation reduces the incidence of iris pro 
lapse whether iridectomy is done or not. In 
their hands 1% physostigmine is inefficient 
They believe that acetylcholine, while an ef 
fective miotic, is oceasionally responsible for 
iris bleeding 

Pereira’ urges inferior radial iridotomy 
in cases of previous iridocyclitis or while 
vitreous is lost 

Smith, Fansanella, Rosenthal, and Hoff 


man warn against the indiscriminate use 
of cortisone or hydrocortisone after discission 
or extracapsular extraction. On the basis 
of two clinical cases, rabbit experiments, and 
the literature, they conclude that the dangers 
are as follows: slowing of absorption of cor 
tex, possible precipitation of glaucoma, de- 
layed wound healing, delay in absorption of 
hyphema, and decreased resistance to infee- 
tion 

Clark,’ in a discussion of the management 
of hereditary cataracts, advises needling in 
patients up to the age of 12, linear extraction 
from 12 to 25, and intracapsular or extra 
capsular extraction thereafter. 
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Kirby and Flagg ® review the combination 


of curare and local anesthesia, with which 


their experience has been most satisfactory. 


()’ Rourke and Starr“! also favor curare and 
oxygen, while Jayle, Jaquenoud, and Haudi- 
quet “* outline the advantages of curare-in 
duced general akinesia and ocular hypotony 


in their series of 1O1 operations 


\li Shah 


intracapsular extraction with the erisophake 


and Hussain came out for 


Instruments.—-Most of the reports of new 


instruments modifications 


Saki 


represent minor 
has put a small blunt hook on the 
other end of the Arruga lens expressor to 


retract the iris and facilitate grasping the 


lens above. Santalices Muniz °° has modified 
the erisophake tip, while Caccamise *° has de 


He de 


scribes the operation with this device but 


signed a small “microerisophake.”’ 
then reports that he breaks capsules in 15% 
of his cases and loses vitreous in 5% 


describes operation on soft cata 
racts in patients under 35 years with a 3-mm 
bore, blunt, bent needle, through which lens 
material is sucked out by mouth suction 
It is claimed that this technique is superior 
to discission or linear extraction, with less 


The 


cortex in 


residual swollen lens material sucker 


is also suggested for removing 
older patients after extracapsular operation 


\dler 


forceps so that continuous irrigations will 


has canalized one blade of a lens 


inaintain some anterior chamber during 


manipulations. 
llieringa describes a stainless steel ring 
which is sutured to the sclera in eight places 


5 mm. behind the 


The additional 
rigidity is meant to reduce the risk of vitre 


cornea 


ous loss. The ring may be removed at the end 
of operation or may be left in place and re 
moved a week later. In one-eyed patients 
the recti are also severed at the start of the 
The 


author has used this device since 1946, with 


operation and reattached at the end. 


“satisfactory” results, but does not give any 
statistical documentation to justify compli 
cating the operation in this way. 


Complications.—Schirmer * cites one ex- 


pulsive hemorrhage in 1230 operations in the 


gi AM. 

‘ 

| 
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at Wiesbaden 
during 


clinic This accident occurred 


a fit of coughing four hours after 


combined under 


extracapsular extraction 
general anesthesia in a 78-year-old arterio 


sclerotic patient. Nonnenmacher *' may have 


established a record by having three expul 


sive hemorrhages on one day. ()ne patient 
had arteriosclerosis and hypertension but two 
had no vascular disease. Nonnenmacher tries 
to explain his unusually bad luck on the basis 
of a changing weather front, which may have 
affected the patients’ vegetative nervous sys 


tems. 


studied 114 cases, with a 30% 


incidence of hyphema 


LeGrand | 
\rterial hypertension, 
diabetes, iritis, and high myopia appeared 
to be contributing factors. Corneoscleral su 


tures, rutin, vitamin K, and ascorbic acid 


are advised 
W eekers Delmarcelle studied 30 


cases in which the anterior chamber re-for 


and 


mation was delayed over four days, compar- 


ing them 30 uneventful 
that the 


tachment and the result anterior peripheral 


with cases. They 


conclude cause was choroidal de 


synechias, producing glaucoma. They sug 
gest better wound closure as the prophylaxis ; 
(DFP), 
thermy, and cyclodialysis as the treatment. 
( The 


closure is the prevention, whether choroidal 


isofluorophate retrociliary dia 


reviewer wonders, if better wound 


detachment should not have been classed 
as a result rather than a cause. ) 


Hesselberg describes the two main com 
plications of vitreous in the anterior chamber 
as secondary glaucoma and corneal opacifi 
cation. In one of his cases of corneal cloud 
ing he was able to force the vitreous back 
by air injection, with resultant clearing. 


Villaseca ' 


late vitreous hernia through the pupil, empty- 


describes as a “new syndrome” 


ing of the anterior chamber, and detachment 
of the choroid from pull on the vitreous base. 
He advises avoiding mydriasis early after 
operation if the patient is up and about or 
coughing and also air in the anterior cham 
ber at the end of operation. Orzalesi * ad 
vises posterior sclerotomy for flat anterior 


chamber 


Nichols 


macular changes which followed cataract ex 


analyzes in some detail the late 


traction in seven eyes of six patients. Two 
men and four women, in an age range of 65 
to & years, all experienced late edema of 
the macula lhe time ot onset could be set 
at 58 to 197 days in four eyes; in the other 


three it was not definitely known, Four pa 
had had 
were no 


had 


the worst result was 6/18 


tients were artertosclerotic. (ne 


vitreous loss at operation. There 


other operative complications Three 
final acuity of 6/6; 
Nichols questions whether the sequence ot 
events was forward movement of the vitreous 
with posterior separation and macular edema 
or the reverse. Since his patients tended to 
he anxious and dependent, with vaseular im 
stability, he feels that vasomotor dysfunction 
of the posterior retina and choroid is the best 


explanation 


Colher, small hole 


in the hyaloid, with vitreous strands protrud 


Laval and noting a 
ing to the anterior chamber, feel that it was 
probably the site of a slight lens adhesion 

studying lens al 
Agarwal and Mehra “ 
clude that cysteine is the important amino 
They 


avoiding extracapsular operation in patients 


lergy responses, con 


acid fraction of lens protein advise 


intradermally sensitive to cysteine 
Muller,$ in 


histological features of phacogenie ophthal 


who are 


comparing the clinical and 
mitis, found accurate diagnosis diffieult in 


the individual case. le studied two cases 
histologically, in each of which Morgagnian 
cataract had been accompanied by severe 
uveitis and glaucoma. Fach had had extra 
capsular operation in the fellow eye--one 1] 
years before; one, 13. The aphakie eyes were 
quiet. The enucleated eyes showed macro 
phage activity around the hypermature lenses 
and lens debris blocking the angles. There 
were spontaneous defects in the capsules. He 
concludes that, although it is difficult to de 
cide whether the effect is primarily a tox 
one from degenerated lens substance or is 
secondary to 


phacoanaphylaxis, cataracts 


should not 
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he allowed to become hyperma 
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, 


ture. He advises total lens extraction and 


cortisone, It is interesting to compare his 


attitude with Cowan's advice, cited before 


Dvorak 


enucleated 


Glaucoma from Lens Changes 
| heobald 
with the 


studied three eyes 


clineal diagnosis of wide-angle 


ylauncoma and capsular exfoliation She 


found the histological picture different from 

description. There were amor 
phous deposits on the capsule and in the 
She feels 


that this may oceur in any patient but that 


angle without any true exfoliation 


true exfoliation occurs only after infrared 


exposure, Thus, true exfoliation results in 

cataract; pseudoexfoliation, in glaucoma 
Wilson ** studied 27 cases clinically. He 

that had 


pressure, 


found exfoliation without in 


while 14° had 
pressure and field defects. He felt 


creased increased 


that ex 


fohation was not a primary cause of glau 


coma, nor glaucoma of exfoliation. [le sug 


vests the term “glaucoma senilis’” and ad 


vocates intracapsular operation 
Stepamk ** reports a case of glaucoma cap 
sulare treated successfully by goniotomy 


Lens (Changes from 


is again made on lens changes after fistuliz 


ing operations. Legrand *° stresses their fre 


quency, and Hobbs and Smith“ cite four 


cases of capsule adherent to trephine opening 


with cataract formation in three. They urge 


slow decompression. 
Krol deseribes delicate lens changes fol- 


lowing attacks of acute glaucoma. They do 


not always occur and never are seen in 
chrome glaucoma without acute episodes. He 
are the result of disturbance in 


feels they 


intraocular tissue balance 
Nonay 


glaucoma 


records 69 cases of primary 


Many had had 
previous glaucoma operations. [le did a com- 


with cataract. 
Inned intracapsular operation in 50 and a 


combined extracapsular operation 19 


(sood vision was obtained in some 40% 
Reese and Wads 


 deseribe cystoid changes along the 


Viscellaneous Changes 
worth 
anterior and posterior borders of the adult 
nucleus in 10% of normal eyes in patients 
over 40, Their nature is not identified. There 
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was nothing unusual in the blood chemistry, 
and they were not related to the usual senile 
cortical or nuclear cataract 

Winkler studied 1] 


tions in 1653 cataract extractions 


and Cason infec 


Te were 


caused by Gram-negative bacilli of the en 


teric group. Nine resulted in enucleation 


Cataract associated with skin disease re 


ceived attention from Dubois-Poulsen and 


Frangots,”' who found rapidly developing 
cataracts in three young patients with child- 
hood eczema, and Hertzberg,“ who found a 
10% imeidence of atopic cataract in dissemi 


nated neurodermatitis 
Nutt” surgery 


in diabetics with that of the preinsulin days 


contrasts modern cataract 


and finds the incidence of hyphema and iritis 


markedly reduced. He advises ascorbic acid 
empirically to reduce the risk of hemorrhage, 
and intra: apsular extraction to minimize 


iritis 


Studying the statistics of Pakistan, Refa 


tullah ** finds true diabetic cataract very rare, 


only 3 in 7500 cases. Cataract is common 
in Pakistan, with 60,000 blinded by it each 
year and only 20,000 operated on 
is still 1000 or 


operations done each year 


Couching 
5000 
Ninety per cent 


common, with 


such 
of the lost eyes are due to couching. Eighty 
per cent of all eye operations in) Pakistan 
are for cataract 

Linn and co-workers studied pa 
tients with postoperative mental aberrations 
were disturbed by binocular band 
IS had evidence of 
suggesting a 
cataract and general senility. 


‘Twenty 
aging ; 


damage, 


organic brain 


correlation between 


Diensthier reports successful intracap- 


sular cataract extraction in an eye quiet for 
six years after penicillin treatment for sym 
pathetic ophthalmia 


Arruga || reports a case of anterior dis 


location of Soemmerring’s ring and reviews 
the literature 


Corrado and Velhagen discuss in a 


general way the management of secondary 


membranes. 
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EXPERIMENTAL STUDY 


Research on the lens follows much the 


same pattern as in recent years. Cataracts 
from irradiation and abnormal carbohydrate 
metabolism have received much attention, 
with protein chenustry and enzymatic action 


also under scrutiny 


Radiation Cataract.—-lurther studies on 
the mechanism of lens injurv by irradiation 
of selected areas were carried out by Pun 
tennev and Schoch.'"! Rabbit eves were ex 
posed to 4000 r with lead shields confining 
the dose to lens or ciliary body or whole eve 
With this system cataracts were produced 
LOO%. 100%) of 


The authors feel that the effect on 


respectively im 17%, and 


the eves 


the ciliary body is important and requires 


more study. It is interesting to compare this 
with the previous work by similar methods 


cited in last year’s review 


Cogan reviews lesions from radiant 


energy, outlining the necessity of absorption 
of ionizing radiation for cataract tormation 
There must be sufficient to damage lens 
epithelium whether infrared, x-ray, gamma 


With 


ler, he studied 40 patients who had had 


high-voltage beta, or neutron Dreis 


radiation about the eye for from 1 to 13 


years 


Four with over SOO r developed cata 


ract. (ne of 3 with 600 1 developed a cata 
ract in two and a half vears, while 33 with 
$87 or oor less did not develop cataractous 
changes. Thus the human threshold dose for 
cataract in this time period seems to be about 
O00 r. With Donaldson, Gott, and Graves,'"' 
he studied the effect of single doses on rabbit 


All the animals 
half, o1 


lenses were observed for a 


vear and a about one-third their 


normal life span. The amount of radiation 


require 1 to produ e detectable lens changes 
was less than had previously been thought 
and 10" 


(aranular dot 


(250 r for x-rays neutrons 


sq. cm around the posterior 
seen after 75 r or 10” 10 
This 


was minimal and in some instances 


suture line were 


neutrons /sq. em low-dosage effect, 
howe eT. 
took about 500 r of 
energy and about 10% 


14-mey 


regressed. It x-rays of 


for neu 


trons ot energy and 2 10 for 


neutrons of degraded fission energy to pro 


duce cataracts dense enough tor serious 


visual impairment. Their onset) was about 


100 days after exposure. Calculations of en 


ergy release showed that with equivalent 


tissue ionization neutrons were more cata 


ractogenic than x-rays 

Von 
treated rabbit over the limbus with 
2,000, 5,000, 10,000, and 20,000 rep from a 
applicator 


Sallmann, Munoz, and Drungis 


CVes 
Cytological examination 
showed damage to the nuclei of the germina 
tive zone in the sector nearest the irradiated 


limbus only. Extent of injury varied with 
dosage. When 5000 rep or more was used, 
five-sixths of the rabbits developed lens opac 
ities 10 weeks after exposure, although the 
effected 
X-rays with 100, 500, and 1500 r produced 


similar changes. Caution is advised in human 


cornea im direct contact was not 


treatment with beta applicators near the 


limbus 
\loses, \Hlen ! 


exposure toa collimated beam of 6- to ®mey 


linn, and used single 
neutrons of 60 to 150 N without producing 
The animals were followed 
exposure to $10 to DOO N pro 
duced cataract in 60% 


1500 N 


globe and orbit in three to four months 


cataract in dogs 
two years 
75% of the adult dog 
while necrosis of the 


eves, gave 


Pirie, van Heyningen, and Boag '°? studied 
unilateral radiation cataracts in rabbits, using 
hey 


found a decrease in reduced glutathione be 


the normal fellow eve as a control 


fore visible change in the lens. Glutathione 


reductase activity was reduced, but) other 


systems were unaffected 
held 


Lavine 


enzvinie 


\ similar is the study of ultrasonic 


lens damage and |angenstrass 


produce cataracts in excised eyes by ultra 


sonic vibrations. Schwab treated isolated 


pig eves with ultrasonic waves ot 


mitensity 


varyihy 
requene y of 1000 
intensity of 4.0 


anc time 


and watts/sq. em. yield 
the cortex 
S000 KET, 


seconds and total 


vacuoles and white opacities in 


Increasing the Trequency to pro 


duced central opacities in 
cataract in one minute from thermal action 


Carbohydrate Cataract. lhe lens changes 


of abnormal carbohydrate metabolism con 


9) 


110 


tinue to attract investigators. Inoe,'?° work 


ing with alloxan diabetes and dithizone, 
found that the combined administration of 
ascorbic acid, riboflavin, and potassium chlo 
ride impedes the development of experimen 
tal cataract and tends to reduce opacities al 
ready present 


butterini, Grignolo, and Baronchelli 
used 50 to 100 mg/kg. diphenylthiocarbazone 
in rabbits to produc e widespread metabolic 
disturbances similar to alloxan diabetes. ‘| hey 
produced lens changes similar to the cataract 
of alloxan diabetes and retinal degeneration 
similar to iodine poisoning 

Babel,''* in a very lengthy discussion, com 
pares the cataract of alloxan diabetes in rats 
and rabbits with toxic cataracts in humans 
™* reviewed the literature on cata 
that 12 


showed 


Johnson 
racts m galactosemia, pointing out 
of the 13 cases reported since 1945 
lens changes. The sole exception was treated 
hy the age of 2 weeks. He adds three cases 
of his own. He is unable to correlate patient 
age and type of lens change but notes that 


milk 


months is necessary to prevent irreversible 


ave ofl 3 
ay 


withdrawal of hefore the 
opacities, MeAuley,''* in reporting two cases, 
suggests an osmotic factor 


it 


Hlormann studied cataracts in rats on 


diets high in lactose or galactose. He kept 
diet 
If alpha or beta lactose was fed, they became 


albino rabbits on a 70% carbohydrate 


emaciated and died, The addition of 5-10 mg 
of cocarboxylase every four days kept them 
alive and prevented lens changes. Thirty per 
cent alpha lactose and 40% oats produced 
lens opacities, reduced by cocarboxvlase. The 
inference ts that an excess of galactose inter 
leres with carbohydrate breakdown, with 
accumulation of abnormal metabolites in the 
lens, increased permeability, and the entry 
of caleium 

Harris, Hauschildt, and Nordquist,!' con 
tinuing their interesting in vitro technique of 
reversible cation shift with refrigeration and 
incubation recovery, studied the role of glu 
cose in cation lens 


transport across the 


capsule, Glucose was found essential and 


could not be replac ed by sucrose or | glutamic 
acid, A high glucose concentration (500 mg 


SQ? 
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per 100 cc.) reduced the degree of cation 
recovery. This deleterious effect was nullified 
by adenosinetriphosphate (ATP), although 
the latter agent was toxic when added to nor- 
Insulin had no 
that a 


glucose level itself may be the responsible 


mal glucose concentrations 


effect. These results suggest high 


factor in diabetic cataract. Studying oxygen 


and acid,''*? they found a difference in cation 
exchange under aerobic and anaerobic con- 
could not be accounted for 


ditions which 


by the cation content of the epithelium alone 


Thus it is suggested that the epithelium con 


tributes energy for the whole lens. and that 


transferred across the 
failed to 
ATP 


\ study of the polysaccharide content of 


cations are actively 


capsule. Glutamic acid protect 


agamst high concentrations of 
hovine lens capsule was made by Dische and 
They 


galactose and glucose combined with the pro 


Borenfreund.! found a 3:2 ratio of 
tein of the capsule to make up about 10% 
The concentra 
falls off 
markedly toward the equator. What this has 


of the total capsule protein 


tion ts yreatest at the center and 
to do with carbohydrate cataracts is a matter 
for speculation. 

Viscellaneous Leinfelder ''® tried to de 
lineate further the role of respiration and 
glycolysis in lens metabolism. He felt. that 


auto-oxidation of ascorbic acid and gluta 
thione could be responsible for much of the 
oxygen uptake previously considered respira 


suggests an active respiratory system in the 


tion presence of cytochrome oxidase 
epithelium. Low aqueous humor oxygen con 
results of carbon mon 
that small 


part is respiratory. Lactic acid in the aqueous 


tent and inconclusive 


oxide inhibition indicate only a 
and the nonenzymatic uptake of oxygen are 
evidence of primary glycolysis. The metabolic 
activity of the epithelium may be related to 


With 


undertook to 


movement of wartz and 


this 


water 


Danes,'*” he study last 
phase further and show that the maintenance 
of constant lens hydration requikes energy 
The energy necessary to shift water in or 
derived from metabolic 
affected by metabolic 


Nordmann, Mande and 


out of the lens is 


activity and may be 


PpOtsons Or anonia 


2 A. M. A, 
q 
j 
: 
ty, 
wh 


LENS 


AND VITREOUS 


Izraelewicz ‘*' differ somewhat from previ 


ous conclusions of leinfelder. Boiled cali 
lenses consume more oxygen than fresh 
lenses. Fresh lenses consume glucose and 


produce lactic acid. They feel it is wrong to 
deny enzymatic lens respiration on the basis 
of boiling experiments, for the auto-oxidation 
may be dependent on protein denaturation by 
Boiled 


more oxygen, but enzymatic action in liver 


boiling liver, similarly, consumes 


is well accepted 
are indicated that lens capsule, epithe 


lium, and superficial stroma function as a 


membrane and 
that 


ability 


with selective permeability 


most cataracts are caused by perme 


changes. He cites diabetic, tetany, 


naphthalene, thallium, and radiation cataracts 
as caused by permeability disturbances and 
suggests cysteine for treatment. Studies of 
metallic precipitates show silver and copper 
to be deposited where there is relatively little 
enzyme concentration, while the concentra 
tion of iron corresponds to the cytochrome 
oxidase system Ambrosio, 


\lajamo and 


using lau's methods in the rabbit, studied 


capsule permeability im cataract associated 
with retinal detachment and found no change 
They felt 
sponsible 


and Waugh '*! 


from a very ditterent approach 


some other factor must be re 


studied the capsule 
They made 
posterior needle cuts of the rabbit lens cap 
at different time 


sule and sectioned the eves 


intervals. As the inflammatory cell response 


from ciliary body and retinal vessels dimin 
ished, the capsule began to heal by epithelial 
They 


sections to human eyes in which after vartous 


proliferation compared their rabbit 


types of trauma, without infection, there was 


posterior proliferation of lens epithelium 


This reaction seemed to be inhibited by the 


presence ol leucocytes 


Irregular increase in aqueous potassium 


content was found by Suyawa4ra WW irido 


cyclitis, glaucoma, and cataract. Special 
staining indicated a decrease and a distri 
hutional change in lens potassium with 


cataract ce velopment Martinet, Baron, and 


Guillon ! studied sodium and = potassium 


concentration in the lens and whole body of 


fetal rats made cataractous by feeding thy 


roxine to the mothers during pregnancy 
lens sodium concentration was increased as 
compared with controls, but potassium re 
mained unchanged. There was no change in 
total body sodium or potassium 

In studying the lens metabolism of ascot 
bic acid, Soya found its synthesis trom 
diketogulonic acid impeded by naphthalene 
and calcium but accelerated by manganese, In 
line with this, Ichihara '** found that ascorbi 
acid protects against naphthalene cataract 

Yamada '*" gave scorbutic guinea pigs 250 
mg. of intraperitoneal sodium butyrate a day 
\fter seven days he added 500-myg. daily oral 
doses of tyrosine, Cataracts formed five days 
later, with considerable benzoquinone acetic 
acid in the urine. When sodium butyrate was 
omitted, neither the cataracts nor the urimary 
changes occurred 

Gemolotto made electrophoretic protein 


determinations on lenses of eyes subject to 
sodium iodate chorioretinal degeneration and 
found variations similar to those in cataract 


Ilectrophoretic studies of water-soluble pro 


teins were also made by Francois, Wieme, 
Rabaey, and Neetens.' They found three 
separable fractions in ox, horse, pig, and 


lenses, four in the lenses of man and 


They 


ference between human cataracts and normal 


rabbit 


monkey could not find a major dit 


lenses of the same age 


Dorello ! was unable to find an appre 


able change in glutathione content of the len 


with large doses of corucotropin, 


col 


tisone, or formalin. Brolin! looked for 


changes in fluorescence of the lens in tetany 


cataracts but could not demonstrate any 


Nuricehio and Ambrosio, in the fourth 


of their series of studies on commpheate d cata 
ract, found a decrease in pyruvie and tacts 
acid in the aqueous in the presence of irido 
evelitis. These studies were done im rabbit 


and their lense had corre ponding meres 


in these products 
Bonavolonta studied oxy yen im aqueou 


of normal eves and those in which cataract 


had heen produced by lens massage. [le 
found aqueous oxygen approximately dou 
bled in the presence of this tyy. ol cataract, 


9 


2 


indicating reduction of lens respiration. The 


same author ' confined guinea pigs and rab- 
bits in closed spaces to produce asphyxia and 
produced transient lens opacities in 25% 
\queous carbon dioxide was increased : oxy 
gen and chlorides were dec reased. The an 
mals returned to normal 30 minutes after 
release 

Haft!” describes four patients with idio 
pathic hypoparathyroidism who developed 
cataract while under control with calcium and 
chhydrotachysterol. Centanni found that 
subconjunctival hyaluronidase hastened the 
absorption of lens material in the rabbit 
Sapuppo found no effect from fish lens 
extract on experimental naphthalene cataract 

(aleserov found cataracts In munitions 
workers in trinitrotoluene plants. The ex 
tracted lenses assayed around O.OOly TNT 

Hallerman and Meisner '*! report a case 
of lens invasion by tumor cells from a malig 
nant melanoma of the ciliary hody. They 
dispute Ida Mann’s remarks about tumor 
mimunity of the lens. (It is the reviewer's 
opinion that these findings are not in conflict 
with Mann’s views, for she Was discussing 
tumor formation from the lens rather than 
iNvasion of a nearby neoplasm. ) 


VITREOUS 

litreous Ke placement. Removal and re 
placement of abnormal vitreous is still a 
clinical problem. Binder."* working on rab 
hits, found simultaneous aspiration of vitre 
ous and replacement by saline solution 
through a double-barreled needle safer than 
tecessive steps through a single needle 
Vaufique and Moreau report interesting 
preliminary studies in which they used a de 
hvdrated powder of lyophilized vitreous to 
replace vitreous lost at operation or myury 
or withdrawn because of opacity, Deuteh i" 
reports a single clinical case in which vitreous 
hemorrhage had heen present five vears 
\fter 1.5 ex replacement with cerebrospinal 
fluid, vision improved from hight perception 
to 20/40 

/vamination.—Uruby ™ reviews biomi 


croscopy of the vitreous and stresses the need 


for full mydriasis in the patient and dark 
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adaptation of the examiner. He finds anterior 
detachment rare but posterior detachment 
common and important with separation of 
the hyaloid from dise and retina. The vitre- 
ous may retract to its base. This is seen in 
myopia, senility, trauma, uveitis, and de 
tached retina with tears Vitreous adhesion 
to the operculum of a tear can often be iden 
tied in detachment of the retina 

Schepens,'” similarly, reviews clinical ex- 
amination of the vitreous and in the main 
agrees with Hruby. However. he finds that 
vitreous liquefaction, or syneresis, may some 
times start centrally, leaving a resistant laver 
of formed vitreous around the periphery. He 
also finds that vitreous membranes are not 
always hyaloid, but that membranes lormed 
at the limits of areas of syneresis may be 
mistaken for hyaloid and detachment. when 
a “pseudodetachment” exists 

Habachy, in two papers,© discusses vitre 
Ous opacities and tries to connect them with 
abnormalities of liver. kidney, endocrines. 
vegetative nervous system, acid-base balance. 
and vitamin intake. His ree ommendations for 
treatment are along similar lines 

Roveda '* collec ted 43 cases of evst of the 
Vitreous from the literature and added 1 of 
his own. He notes their lrequent association 
with retinitis pigmentosa 

Structure Belazs divided fresh cattle 
Vitreous into anterior and posterior parts 
and then separated the central and cortical 
portions of the posterior samples. These lat 
ler two portions were studied for ultraviolet 
absorption, in the fresh state, and dialyzed to 
remove low molecular weight components. 
Both central and cortical samples the 
undialyzed state showed absorption bands 
hetween 200 and 300 my. One with a maxi 
mum at 265 My 1s attributed to ascorbic acid 
\fter dialysis an absorption maximum at 277 
my is caused by proteins. Proteins of the 
globulin type with relatively high trypto- 
phan content were present in greatest quan 
tity. The albumin-globulin ratio was esti 
mated spectrophotometrically as 0 ty 

The same investigator, with Varga, 


studied vitreous by ultracentrifugation and 


" References 147 and 148 


iv 
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elec trophoresis \ hyaluronic acid and a pro 
tein component were identified by means ot 
treatment with specific enzymes and by addi 


tion of reference substances 


Shatter studied the possible factor that 


vitreous detachment may play in “malig 


nant” glaucoma. In aphakic eves or eyes with 
subluxated lenses, vitreous can cause block 
age of the forward flow of aqueous. Posterior 
synechias to the vitreous face are known to 
cause such a block, which may be corrected 


hy peripheral iridectomy or prevented by 


early postoperative mobility of the pupil, In 


malignant glaucoma not responding to intra 
capsular Jens extraction, it is suggested that 
body are ad 


behind the de 


vitreous, ints, and ciliary 


herent that 


tached 


aqueous flows 
vitreous 


The 


sion through the detached vitreous to restore 


and forees the structures 


anteriorly suggested treatment is inci 


a channel for posteroanterior aqueous flow 
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News and Comment 


ANNOUNCEMENTS 


Association for Research in Ophthalmology Eastern Section. [lie 1955 
meeting of the lastern Section of the Association will be held in Boston on 
\pril 25. It has been scheduled in conjunction with the annual meeting of the 
Massachusetts Eye and Ear Infirmary Alumni, on April 26, and the regular 
monthly meeting of the New Iengland Ophthalmological Society, on April 27 


All those interested are invited to attend the scientific sessions of these meetings 


The Association for Research in Ophthalmology is an open society. Member 
ship in the Association is not a prerequisite for acceptance of a paper by the Program 


Committee. 


litles and abstracts are now being received. It is hoped that time of 
presentation can be limited to 10 minutes for each paper in order to save time 
for discussion. Abstract forms may be sent to the local chairman, Henry | 
\llen, M.D., 200 Beacon St., Boston 16, Mass 


American Orthoptic Council Examination for Technicians. annual 
examination of orthoptic technicians by the American Orthoptie Council will be 
conducted in August and October, 1955. 


‘ The written examination will be nonassembled and will take place on 
Thursday, Aug. 25, in certain assigned offices and will be proctored by designated 


ophthalmologists 


The oral and practical examinations will be on Saturday, Oct. 8, in Chicago, 
just preceding the meeting of the American Academy of Ophthalmology and 
Nolaryngology. 

Application for examination will be received by the office of the Secretary 
of the American Orthoptic Council, Dr. Frank 1). Costenbader, 1605 22d St 
N.W., Washington 8, D. C., and must be accompanied by the examination fee of 
$30.00. Applications will not be accepted after July 1, 1955 
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NEW YORK ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 


John M. McLean, M.D., Chairman 


Joseph Laval, M.D., Secretary 
Regular Meeting, Nov. 15, 1954 


Closure of Orbital Defect After Exenteration for Carcinoma. re. Hrreres 
CONWAY. 


In advanced cases of carcinoma of the eyelid with invasion of the globe or the 
orbit, the accepted method of treatment is complete and radical excision of the 
upper and lower eyelids, together with complete exenteration. This treatment 
results in a very noticeable facial defect, which amounts to a major deformity of 
appearance, There are three methods of handling this problem. The first consists 
in the lining of the bony orbit with a thick-split graft of skin and the substitution 
of a prosthesis which embodies an artificial eye. An example is that of a patient 
aged 64 (New York Hospital Case #237954) who had an epidermoid carcinoma 
of the eyelids in the region of the inner canthus. The lesion recurred after therapy 
by electrodesiccation three years, and again one year, before the patient underwent 
radical surgery. At operation, performed at the New York Hospital in 1939, 
incision was made around the upper and lower eyelids, and the lesion, together with 
a good cutaneous margin, the globe, and all the tissues of the orbit, was excised 
en bloc. The tumor had invaded the eyeball. The periosteum of the orbital bones 
was removed with the specimen. \ thick-split graft of skin was cut from the 
thigh and inserted into the bony orbit in such a way that it was in continuous 
contact with the bone and with the margins of the wound at all points. Bismuth 
tribromophenate (XNeroform) gauze was placed over the graft, and a mass of cotton 
waste was used to effect pressure on the lining of the orbital cavity. The graft 
healed, and the patient was fitted with a latex prosthesis colored to match the skin of 
the face. The prosthesis incorporated a glass eye. Rubber cement was used to 
attach the prosthesis to the skin of the face. The appearance of the patient was 
very good, Tlowever, discoloration of the prosthesis oceurred with such frequency 
that it was necessary to provide the patient with a new prosthesis at three-month 
intervals. In the 15 years since 1939 some improvements have been made in 
prostheses. The vinyl prosthesis holds the color longer than does the latex 
prosthesis. However, this method leaves something to be desired in that the 
patient is dependent on this external crutch in order to pursue daily routine. This 
patient was followed for 13 years, during which period there was no recurrence 
of tumor, She died of heart disease. This type of management of the orbital 
defect after exenteration was popular in the years before World War II 

In the period during and after World War II, a great deal of experience was 
obtained with orbital defects as a result of war injuries. The popular method of 
closure was by the pedicled flap. An example of this type of closure is the case 
of a 54-year-old man (Veterans Administration Hospital Case #118466), whose 
basal-cell carcinoma of the eyelids recurred after radon therapy applied two years 
earlier, X-rays taken in 1948 showed destruction of bone due to the invasive 
growth of the carcinoma. In 1948 radical excision of the carcinoma was done 
through a Weber-Ferguson excision, sacrificing all of the soft tissues of the orbit. 
the malar bone, and the lining of the antrum. The defect was closed with a temporal 
flap of skin and soft tissue, which had been prepared by lining it with a thick split 
grait of skin. This leaves a bland appearance, which is not attractive, Still, four 
years later, this patient showed no evidence of carcinoma, and he gets along very 
well through the use of spectacles with a darkened lens on the affected side. 
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Perhaps more ideal as a method of management of the orbital defect atter 
exenteration is the technique employed in the third case to which I wish to rete 
This is the case of a man aged 73 (New York Hospital Case #221323), who 
stated that a cyst was removed from his right upper eyelid in 1950. In September, 
1953, he noticed that the right eye began to close. The lesion proved to be a 
basal-cell carcinoma, starting at the outer canthus and extending through the 
orbital tissue to the retro-ocular region. Here, again, the surgery was carried out 
by an exenteration and radical excision, but the defect was closed im a ditferent 
way. The soft tissues were elevated from the forehead and relaxed by the use 
of horizontal incisions, which were carried through the periosteum and the fibers 
of the frontalis muscle, but not through the skin. Similarly, the soft tissues were 
separated from the anterior aspect of the maxilla, using the periosteal elevator 
Mobilization of the soft tissues of the upper and lower portions of the wound was 
effected by this technique, so that the defect could be closed by linear suture, m 
horizontal direction. The relaxation of the upper flap by the use of the hidden 
relaxation incisions is the effective step in this technique. This method recognizes 
the fact that dead space, provided by the cavity of the orbit, must eventually fill 
with serum and blood. The effect of such a concentration of fluid is’ fibrosis, 
which results in a dimpled surface. The remnant of the eyebrow is dislocated 
downward. However, this technique is considered preferable to those deseribed 
above, since the patient is not dependent on an external crutch for his appearance 
and the reconstruction can be accomplished at the time of the excision 


Intermittent Exotropia. Anratiam ScutossMAN and S. ArtTHUR Boruciorr, 
Boston 
This paper was based upon a study of all cases of strabismus seen im the 
Department of Motor Anomalies of the New York Eye and Ear Infirmary trom 
1951 through 1953. There were 1431 patients, of whom 1107 had esotropia and 
324 had exotropia, The great confusion in terminology relating to exotropia wa 
discussed, and several examples were given. ‘The following classification for 
exotropia was recommended ; 
I. Intermittent exotropia 
Il. Constant alternating exotropia 


Constant uniocular exotropia 


Intermittent exotropia constituted 85% of all cases of exotropia, The term 
refers to those cases which at times show manifest divergent strabismus and at 
times exophoria or orthophoria, on the basis of the temporal and spatial measure 
ment of the squint. I’xophoria-exotropia is that condition im which, for any given 
distance of the object of fixation, the patient will at times show an exotropia and 
at times an exophoria of approximately similar degrees 

Intermittent exotropia was further considered on the basis of whether the 
patient has an exophoria, orthophoria, intermittent exotropia, or Constant exotropia 
jor near or for distance or for both. ‘The characteristics of the five most important 
subgroups were discussed 

Phe incidence of myopia, emmetropia, and hyperopia paralleled that of the gen 
eral population. Myopes constituted only 22.8% of the cases. Only 5% of patients 
with intermittent exotropia were benetited by the correction of myopia, and here 
the effect was mainly on the measurement for near 

In intermittent exotropia it appeared that fusion in the primary position 1s more 
apt to be “all or none” for distance fixation than for near; if present, it is more likely 
to be constantly present, or, if absent, to be totally absent. At the near measurement, 
fusion in the primary position was usually present or intermittent, and very rarely 
absent. In 16% of cases the deviation was greater for distance than for near; 
in 31%, approximately equal for distance and for near, and in 53% greater for 


near than for distance. Although some cases fell into the classification of divergence 
excess and convergence insufficency, the vast majority did not, and it is urged 
that the use of such categories be less emphasized 
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Constant alternating exotropia constituted approximately 6% of all cases of 
exotropia; such cases are similar to those of intermittent exotropia. Constant 
umocular exotropia constituted about 9% of exotropia. It differs from the other 
two types in that the strabismus is probably secondary to amblyopia, since a well- 
defined obstacle to clear vision in one eye can be demonstrated in most cases. 

It was also emphasized that exotropia and esotropia differ fundamentally from 
six points of view: (1) the incidence in the general population ; (2) the percentage 
of incidence of the different types of esotropia and exotropia, i. e€., intermittent, 
constant alternating, and constant uniocular; (3) the etiologic differences of the 
types; (4) the relation of the strabismus to amblyopia; (5) the role of the refractive 
error, and (6) the role of heredity. 


DISCUSSION 


Dr, Poitie Knapp: It is a moot point whether the literature on convergent 
deviations is better organized and less confusing than the literature on divergent 
deviations—certainly it is more voluminous. The fact that different authors use 
the same terminology to connote different conditions is regrettable, but inevitable, 
until more facts are known about the binocular neuromuscular mechanism and a 
uniform terminology is adopted. | use the term intermittent exotropia because 
it is descriptive of the main characteristics of these cases without the etiologic 
implication of the term divergence excess. Scobee believed that divergence, being 
purely passive, is due to relaxation of convergence and so stressed different features 
Hlowever, the cases and the characteristics are the same, ‘These cases start in the 
first years of life with an anomalously divergent position of inattention. The 
course is determined predominantly by how well the fusion mechanism is able to 
cope with this. I have yet to see a case with relatively equal and useful visual 
acuity in the two eyes start with only an exophoria for near and lapse into a frank 
exotropia for distance and near fixation, On the other hand, it has been my 
experience, both from the history and from observation, that these cases frequently 
progress from merely an intermittent deviation for distant fixation to a constant 
exotropia for distance. Then, after a secondary failure of convergence, the near 
measurement increases until it may equal or exceed that for distance. Naturally, 
the findings will vary for the age and stage of the process at which one first sees 
the child. Certainly, in some the deviation remains a phoria for distance and near. 
In others the condition progresses only part way and then stabilizes. A small 
minority are unable to cope with the situation at all and it becomes a constant 
exotropia at an early age. In most cases this process is slower and may never 
complete the course. One patient who refused surgery had the same measurements 
and type of deviation after nine years’ follow-up. From these observations one 
may conclude that the condition will not improve, and frequently gets worse 

‘To rely on the near point of convergence to outweigh the other measurements 
seems extreme, The near point of convergence will vary tremendously with the 
examiner and the conditions under which it is measured. It is not uncommon to 
see notations in charts on successive visits by different observers in which the near 
point of convergence is remote on one occasion and unlimited on another 

\iter reading Dr. Schlossman’s and Dr. Boruchoff's paper, | took the first 
100 cases of divergent deviations, with the same exceptions, from the files of the 
Musele Clinic at Presbyterian Hospital. These files go back to 1945, when Dr 
Wheeler started the Muscle Clinic. This relatively small number of records was 
chosen because of the pressure of time. These cases were analyzed for the following 
factors: age of first visit, age of onset, measurement and type of deviation, near 
point of convergence, and refractive error. [It was impossible to measure the course, 
as the vast majority either were immediately advised to have surgery, with or 
without preoperative orthoptics, and were then operated on, or went elsewhere 
The average age of the first visit was 6.1 years, including three patients in their 20's 
lhe age of onset was not given in 25 cases. (Of the 75 patients noted, 32 had onset 
soon after birth and only 2 over the age of 4. In 80% the deviation was inter 
mittent. In 27% it was greater for distance; in 62%, equal for distance (20 ft.) 
and for near (13 in.), and in 11%, greater for near. The near point of convergence 
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was not recorded in 11 cases. In general, it correlated fairly well, but there were 
times when it did not. The refractive error based on spherical equivalents revealed 
& cases with 2 D. or more of hypermetropia ; 66 cases, between +-1.75 D. and —0,75 
D., and 25 cases had myopia of 1 D. or more. Moreover, 24 cases had over 1 D. of 
astigmatism, and 10 had anisometropia of 2D. or more, The percentage of inter 
mittency corresponds fairly well with the statistics of the authors. The greater 
percentage of cases with a larger deviation for distance (27:16) and the much 
smaller percentage with a greater deviation for near (11:53) may be explamed 
by the younger age of our group and the fact that the near measurement was taken 
at 33 em., or 13 1n., instead of at 25 em. These figures lend indirect evidence that 
the condition does progress with time. Moreover, measurements at 200 ft. or 
more would further dissociate some cases and increase the number in the group 
with greater deviation for distance. ‘The refractive findings lend definite evidence 
that these patients are less far-sighted than average for this age group, according 
to the figures of Sorsby. The frequency of myopia is not significant, save that 
in 12 the myopia was over 4 1). Also, the amount of significant astigmatism seems 
high, as does the incidence of anisometropia, The correction ot these errors 
(myopia and astigmatism) frequently so altered the near measurement that the 
deviation shifted from the group with equal or greater deviation for near to the 
group with greater deviation for distance, suggesting that while refractive errors 
play litthe part in the etiology of this condition, they greatly affect the near 
measurement 

In conclusion, | agree that it is important to study each case as to its fusional 
ability and the depth and extent of suppression, for on these findings one can better 
base rational therapy than by relying solely on the category into which a case falls 
on the basis of measurements with the cover test at 20 ft. and 13 in 


Meridional Scleral Resection. Dr. RAYMOND Merk 


The author presented a new operation, or, rather, a modification of the scleral 
resection in which he shortens the eye not only from before backward but also 
from side to side. He prefers a lamellar scleral resection, as outlined by Pautique, 
rather than a complete resection, 

This procedure is of utmost importance in detachments of long standing and 
in aphakic eyes, in which the retina is apt to be shrunken, and also in high myopia 

In the classic scleral resection, the sclera is resected, two side-to-side incisions 
being made and the ellipse of sclera between resected. In Meek’s procedure, he 
not only removes a piece of sclera, shortening the eye from before backward, but 
excises a piece of sclera perpendicular to this first ellipse, as deseribed, so as 
to shorten the eye from side to side. The sclera outlined is perpendicular to the 
ellipse first resected, the resection going back as far as possible at any poimt along 
the longitudinal area resected so as to be performed behind or in front of the side 
to-side resection, or both behind and in front. The piece resected is triangular, with 
apex behind and the base joining the side-to-side resected area 

A total of 12 cases were presented, with 9 successes and 3 failures. In one of 
the failures seven holes were observed before operation, and the retina remained 
in place for one month after the resection, before the detachment recurred our 
of the successful cases were in aphakic eyes, and three were of over six months’ 
duration 

Meek stated that if a patient needs a scleral resection it is imperative that the 
eye be shortened from side to side, as well as from before backward 


DISCUSSION 


Dr. GRanAmM Crark: In the last 10 years we have had a most gratifying 
increase in the success of our results in the treatment of retinal detachments, The 
simple detachment has become a matter of surgical routine, and the investigators 
in the surgery of this disease have been left free to wander into the rather complex 
field of complicated detachment. By complicated detachment I mean that in which 
the retina is mechanically prevented from repositioning itself against the wall of 
the globe. This may be due to two reasons: either traction from the vitreous 
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body or shrinkage of the retina itself. In these cases diathermy is hound to be a 
failure. There is no possible way for the retina to reach the choroid in order to 
obtain the benefit of the adherent diathermy application. Since the retina is 
completely inelastic and extremely fragile and friable, as all of you who have 
touched it know, it cannot be pushed or pulled back against the wall of the eve 
The vitreous has the unhappy situation of being quite the reverse: It is almost 
infinitely elastic, and it is also extremely tenacious. You can stretch the vitreous 
and push the retina back into place, when the retina will allow the stretching, but 
the vitreous does not give up when you do, and it will pull back again. We have 
watched such cases in our list of failures. Therefore. with an inelastic and fragile 
retina held away from the wall of the eye by mechanical forces, there is only one 
procedure left—the seleral shortening operations 


In this connection. | should like to stress once more what Dr. Meek brought 
out; that 1s, all indications for scleral resections are not necessarily alike, and 
therefore all scleral resections need not be alike. An equatorial resection is, 
of course, the classic section, with the removal of a section more than half the 
circumference in the preequatorial area, and this, fortunately, is applicable in a 
large percentage of cases. The largest group, we have found, has been that in 
which the traction from the vitreous is the force preventing the retina from 
repositioning itself against the wall of the eye. That force stems from the base 
of the vitreous, where the body has shrunken, and extends bac kward and slightly 
laterally, but mostly in an anteroposterior direction; and therefore its force can 
be met by the scleral resection in the equatorial direction. It is probably owing to 
this sole fact that for so long we were content with the sunple equatorial resection 

\s you study long-standing detachments, you will notice that there is a very 
obvious shrinkage of the retina which can be seen clinically, as well as in pathologic 
sections. ‘The retina is shrunken, and you can sometimes see a membrane stretching 
hetween the folds. That is a situation in which a linear attack is useless. That is 
a situation in which Dr. Meek’s procedure has such excellent application. Lf the 
retina has shrunken in surface area, there is no linear traction; therefore the 
remedy must inevitably be directed in both dimensions of the surface, not in the 
single direction only 

Lamellar resection has been of infinite value in this respect because, while it 
is possible to exercise the greatest surgical delicacy in cutting around the well 
exposed equatorial area, when one proceeds backward into the extreme and strict 
confines of the orbit, it is impossible to carry out a penetrating resection sately, 
and a lamellar resection is necessary. | should like to underline Dr. Meek’s words 
to stress the fact that lamellar resection uses the term lamella in its finest sense—the 
lamella is the smallest possible section one can safely leave behind. | raise that 
point because of the time-honored dread of a dead space, and | should like to ask 
Dr. Meek if he has ever seen a rupture of a lamellar resection. as [| have 

Dk. RAYMOND Meek: | have seen a choroidal rupture in a complete through 
and-through linear resection, but not in a lamellar one 

Dk. GRAHAM CLARK: That is most interesting 

lo go back to the bidimensional resection, we started early to use an S-shaped 
resection. My reason for doing that was to avoid. if possible, the rather difficult 
situation of an X-shaped or a T-shaped wound, in which two very definite and 
sharp points must be brought into apposition, The apposition is extremely IMmMpor 
tant because the scleral wound at the end of 14 days is as tresh as it is 14 seconds 
alter you have cut it, and rupture at a weak pomt is tatal to the eyeball. That 
S-shaped incision was extremely tedious and difficult. and it was abandoned because 
its merit did not seem to come up to its difficulty or the danger of the procedure 

It is interesting that a slight variation which fits in with Dr. Meek’s procedure 
is being done by Drs. Swan and Christensen, in Portland. Ore ; It is a chevron 
shaped resection, They do it on a lamellar basis It is not right angled, but reaches 
hack with the apex toward the limbus, having only one sharp point, which is 
sutured nicely into a “V." It may be carried back as far as need be and creates 
a bidimensional effect. 
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The question of what to do with the lamella brings me into a subject which | 
should avoid for fear of going on far too long, and that is surface diathermy, 
and its uncontrollable damage. | should like to suggest, for your consideration, 
that we borrow from a procedure that has proved excellent, the old Giuist procedure 
ne 1s so close to the choroid there, and it is so dangerous to turn 200 volts ot 
electricity loose; would it not be better to paint 5% potassium hydroxide on the 
remaining lamella, neutralize it, and close the wound? Ome damages nothing but 
the surface touched, and one gets a good localized choroidal reaction as well 

In the aphakie eye, we have found it helpful to consider two classifications 
first, the aphakic detachment, and, second, the detachment in the region of the 
aphakia. The first is detachment occurring primarily after removal of the lens, and 
probably due to the mechanical force of the suddenly displaced body of the vitreous 
In the second there ts a simple horseshoe tear in the preequatorial area, and no 
particular traction is seen as one examines the vitreous with the ophthalmoscope 
and slit lamp. The first type demands a scleral resection as a primary procedure 
the second, we have found, still responds nicely to well-placed diathermy 

It is only through these surgical retinements and advancements that we shall 
make progress in this otherwise very discouraging group of detachments. We are 
a long way trom the answer to all of them. We all recognize the early, hopeless 
massive retraction of the vitreous, the hopeless globes that stand there and virtually 
stick out their tongues at you! The surgery of these eyes has not yet been answered ; 
but [ should like to congratulate Dr. Meek on another approach to this baffling 
problem, and one which | think is on a sound basis 

Dr. Kpwarp Norton | have had no personal experience with the variation 
of scleral resection discussed, but | think that | may be able to answer the question 
raised by Dr. Meek, regarding invagination of the choroid, At the New York 
Hospital-Cornell Medical Center we are using a different technique, based on the 
work of Dr. Charles L.. Schepens, in Boston. Our procedure rests on two essential 
principles: First, we beheve that the resection should be localized directly over 
the tear; second, we try to invaginate the choroid so as to reduce the necessity 
for retinal settling 

1 should like to demonstrate by means of diagrams why we consider. these 
factors to be important 

In the compleated detachments, the retina is pulled away from. the pigment 
epithelium and choroid, Despite drainage of subretinal fluid, the retina wall not 
settle back on the choroiditis produced by the diathermy, and an almost certain 
failure will ensue. If a seleral resection is done elsewhere than over the teat 
the volume of the globe is decreased and there is probably a preatet chance ot 
having the retina come in contact with the thermal choroiditis llowever, we 
believe that one greatly increases the chance of closing the retinal break if the 
scleral resection is done directly over the tear and if the choroid i deeply 
invaginated by the use of a polyethylene tube buried in the bed of the resection 
at the time of closure. By this method, in one procedure, the hole is localized, 
the volume of the globe is decreased, and the inflamed choroid is brought inte 
close apposition with the detached retina and break. This reduces the necessity 
for retinal settling, the most unpredictable factor in’ present techniques 

In answer to Dr. Meek’s uncertainty as to what happens to the invayinated 
choroid, | can say that, with the aforementioned technique, it is visible immediately 
alter operation as a steep elevation \fter about a vear one see only the change 
in the choroid from the diathermy, as the choroid and retina have usually flattened 
out. Dr. Schepens has followed some of these cases for two years and has found 
that the eye tolerates the procedure very well 

Dr. Brittain Forp Paynyi It has been a privilege for me to see and he; 
this new procedure of meridional scleral resection described by Dr. Meek Ile 
asked me to comment on the number of eyes that are consigned to the Eno 
Laboratory as a result of scleral resection, Only three have reached the laboratory 


and none by his technique It might be added, however, that perhaps sufficient 
time has not elapsed Nevertheless, | do think that hi operation ha 
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deal to offer, much more than the operations which | have performed. My experi 
ence has been rather limited, in which about one-third have been moderately 
successful 

Perhaps the author will give the indications for a scleral resection 

It is obvious that a patient with extreme myopia in which there is a detachment 
of the retina might need a scleral resection as a primary procedure. Some surgeons 
prefer a diathermy first. One of my failures was in a one-eyed patient with “bare 
light perception” on whom a diathermy procedure was performed a year previously 
The astonishing thing was that after a year the sclera was necrotic in the region 
of the diathermy operation. A lamellar scleral resection was performed, but the 
sutures had to be advanced to hold the edges together 

The most successful result | have had was in an aphakic eye in which a 
diathermy operation had been unsuccessful. This patient used a + 10.00 D. sphere 
with a cylinder before the resection. After the operation, she accepted a 4-17.00 D 
sphere with a cylinder to obtain 20/30 vision. Scleral resection makes quite a 
difference in the refraction of the aphakic eye 

When we are doing scleral resections or the conventional diathermy operations 
for detachment of the retina, few of us pay any attention to the things we learned 
in our basic course on the microscopic anatomy of the eye. The location of the 
veins is forgotten, and the long posterior ciliary nerves and arteries are disregarded 
lew of us pay any attention to them. When the long posterior ciliary nerves are 
injured, uveitis and cataract may develop. ‘The eye becomes soft and atrophic and 
eventually comes to the laboratory 

Dr. Meek mentioned his resection operation on television and its success. lor 
the benetit of those who participated in the television program of the International 
Congress, Dr. Benedict, the secretary-general, has written a letter expressing his 
appreciation to all the participants 

\ total of 37 major operations were periormed at the New York lye and Eas 
Infirmary, and, despite our inexperience, there were no accidents, no hemorrhages, 
and no infections, and, so far, none of the eyes are in the laboratory 


De. Raymonp Meek: May I ask Dr. Clark to diseuss the polyethylene tube ? 
Ile has had much more experience with this than | have; he has worked with 
Dr. Schepens and knows more about it 

Dk. GRAHAM CLARK: [| would like to correct one impression: [| have not had 
the privilege of working with Dr. Schepens, but | have observed his work. — | 
find it extremely interesting to compare, or perhaps | should say contrast, the two 
methods, and I think it is an extremely healthy and very stimulating atmosphere 
in which we are working. We have in these two procedures two distinct approaches 
to what appears to be the same problem. The scleral buckling, as it is called, has 
as its purpose a twofold mission: first, to bring the wall of the eye to the retina, 
and, second, to close the hole. ‘The other resections which Dr. Meek and | have 
referred to have another mission-—to create a simple detachment out of a compli 
cated one, This is the sole purpose of a simple scleral resection—to make it possible 
for the retina to reach the wall of the eye. It is then handled as a simple detach 
ment ; the hole is closed with diathermy, and that is the end of the procedure 

The buckling is contrary to a great deal of surgical teaching. First, one is 
not supposed to create a dead space. Another surgical principle which is seemingly 
violated is the implantation of a foreign body. A toreign body implanted in a dead 
space immediately causes one to raise one's mental eyebrows, but the evidence of 
time has shown they can come back down again—apparently nothing happens 
It is most interesting, and | await eagerly some animal experimentation. [s our 
old rule as fallacious as it seems to be? It is interesting to watch the two pro 
cedures, and, as usual, we shall probably end up halfway between, or with a third 

Dr. RAyMoND Meek: I want to thank Dr. Clark, Dr. Norton, and Dr. Payne 
for their charitable discussions. 


In answer to Dr. Payne’s question about whether in a case of high myopia 
I should do a meridional lamellar scleral resection first, | believe that in such a case 
| should do it first, for one reason that he discussed; that is, if one does diathermy 
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first and then has to go back and do a meridional resection, one has a sclera that 
has been damaged and it is very difficult to make the sutures hold. ‘The conjunctiva 
is also bound down with adhesions and most difficult to free, and the chance of 
success Is In my opimion much better 


| feel very apologetic in giving my results this evening. I should have felt 
better if | had had more failures, because then [| should feel that they would be 
believed more readily ; but | have honestly reported these cases with the results as 
| have found them. 


John M. McLean, M.D., Chairman 


Joseph Laval, M.D., Secretary 
Dec. 20, 1954 


Effect of Version and Vergence Movements on Ocular Tension. |x. Josirn | 
PASCAI 


When the eyes make a version movement from the primary position to an 
oblique secondary position they undergo some (false) torsion. The kind and 
amount of the torsion can be calculated. When the eyes converge they also undergo 
some torsion, except when they converge in a plane some 30 to 45 degrees below 
the horizontal, when the convergence is not associated with any torsion. This is 
what Helmholtz called the primary position for convergence. (A fuller diseussion 
of these two types of torsion was presented. ) 


\ curious circumstance arises when one compares the torsion undergone by 


one eye (a) when it 1s associated with the other eye in a version movement, and 


(>) when it is associated with the other eye in a convergence movement. It is 
found that the eve while maintaining the same visual direction is intorted in one 
case and extorted in the other case. The mechanism of this reversal of torsion 
is explained by reference to the secondary actions of the several muscles involved 
in the movement. (An illustrative case which vividly brought out this effect 
Was mecluded ) 


DISCUSSION 


Dk. Apoten Posner: For several years | have been interested in the etiects of 
torsion on the axis of astigmatism. Although this is an old subject, very few 
ophthalmologists pay much attention to the etfeets of torsion in the various positions 
of gaze on the refractive correction. What | am particularly interested in is the 
effect of head tilt movements on the axis of astigmatism. It is well known that 
when the head ts tilted to one side the eyes undergo a torsion movement in the 


opposite direction, Since the spectacles are fixed in position with reference to 
the head, the axis of the cylindrical lens which is adjusted correctly for the primary 
position is no longer coimeident with the axis of astigmatism 


The study of torsion movements which Dr. Vasceal has reported is extremely 
interesting, [am referring particularly to the extorsion of the eyes in convergence 
mnovements when the gaze is directed upward. It is important to bear this pot 
in mind because, while it may seem esotoric to the average ophthalmologist, it 


can play a role in the comfort of the patient who wears a high astigmatic correction 
; lam glad that Dr. Vaseal brought this question up, even though | do not thinl 
that either he or anyone else can solve the problem in a practical manner, | hope, 


however, that Dr. laseal’s report may stimulate further investigation along thi 
line lor example, it would be of interest to study some of the refractive probleny 


in patients who are dissatished with their glasse leach one of us knows many 
patients with high astigmatic correction who prefer to go without their glass 
even though their vision is greatly improved with their glasses. It i possible that 


by taking the torsion movement into consideration we could adjust the axis of 


their lenses in such a way that they would gain more comfort from wearing them 


Dr. losepn |. Pasear Dr. Posner has brought up a very yood bearmy 


on this subject, namely, the effect of the torsion movement on the axis of astivma 
tism, especially high degrees. As he said, as far as the practical solution geo 

there is as yet no fully satisfactory answer, since the amount and kind of torsion 
constantly vary with the direction of gaze, the inclination of the head. and so on 
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jut this is a point to be taken into consideration, especially in patients who have 
to do near work above the level of the eves. Marked convergence in this upward 
gaze will require a change in the astigmatic axis from that. found monocularly 
with the eyes in the primary position 

Doing close work above eye level has always been rather fatiguing. The etiology 
has been explained in many ways, but | believe the main element in this discomfort 
is the marked binocular extorsion found in this position. That is why, as Dr 
Posner has mentioned, some people may be better off not using their cylinders in 
these special tasks, but using only spheres, the equivalent sphere, though vision 
nay be slightly reduced. [1 hope Dr. Posner's plea for a research study of some 
of the problems herein raised may bear fruit 


Leber’s Disease with Recovery. (by invitation ) 


The literature was reviewed in some detail. A case of Leber’s disease in a 
17-year-old white youth was presented. When he was first seen, two and a halt 
months after the onset of blurred vision, R. E. V. was 20/200 eccentrically and 
V. was 20/200 centrally soth dises showed temporal pallor, and there 
were marked central seotomata. X-rays of the sella turcica and the optic foramina 
were negative. Vision fell in a week to 1/200 in the right eye and within seven 
weeks to 5/200 in the left eye, and remained essentially unchanged until one year 
irom his first visit, when it was found to have improved to 20/100 and 20/200 
in the right and left eyes, respectively. Four months later it: was 20/20+4+-3 and 
20/152, and fields showed marked improvement with breaking up of the 
scotomata, Temporal pallor of both dises remained unchanged 


rom relatives a pedigree was obtained, covering five generations and 100 


members, Of these, 17 were reported to be affected by Leber’s disease. and all 
were males, One maternal uncle was examined and found to have reduced central! 
vision and marked optic atrophy in both eyes. Four of the affected members o 


the family were said to have recovered partially or completely 

The only treatment this patient received consisted of injections of vitamin 1 
over a period of six weeks after he was first seen. and it Was discontinued fron 
seven to nine months before recovery commenced. It was not thought to have 
influenced the course of the disease in any wav 


lhe case was presented because it offered fairly detinite and recent proot « 
recovery 


DISCUSSION 


De. PRANK D. Carron Dr. Constantine has, | believe, made an 
contribution and has well outlined the literature on this subject. At the chairman’. 
request, | have reviewed the records of my patients with Leber’s disease and tind 
21 such persons in 15 unrelated families. Dr. Constantine mentioned that one 
author stated that in the same family the age of onset tends to be the 


ame. 
may be true frequently, but in one of my fa 


milies which could be well traced over 
a period of three generations, the age of onset varied from infanev to age 57. ‘The 
disease occurs at any age and must be considered in all patients with optic neuriti 
or optic atrophy in whom another etiology is not discovered. In taking the family 
lustory it is well to inquire specifically about the mother’s brothers; almost any 
type of inheritance is possible, but, as you know. the disease is irequently inherited 
by males through unaffected females. Seventeen of my patients were 
females 


tales 


The vision of affected members of the same family may vary widely Most 
may have their vision so impaired that it is less than 10/200, but others will have 
vision as good as 20/40. Eight or 10 of my patients are able to operate newsstands 
in New York City. None are totally blind 

Dr. Constantine stresses that her patient, over a period of many months, mace 
a spontaneous recovery without therapy. Just consider what an erroneous Impres 
sion might have been placed in the literature if the patient had recovered while 
receiving cortisone, vitamins, or vasodilators. and if the patient were not under 
the observation of as understanding a physician as the speaker. Some of my 
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patients with optic neuritis of unknown etiology have recovered spontaneously 
one and, infrequently, even two years after onset of the disease. Unfortunately, 
none of my patients with Leber’s disease have improved, and if Dr. Constantine 
can continue this record | shall be glad to send her my cases in the future 


Effect of Succinylcholine on Intraocular Pressure. |x \. and 
Dr. H. 


Suceinyleholine is a new curare-like agent that has the unexpected effect oi 
raising imtraocular pressure, In experiments on animals, this pressure rise was 
shown to vary quantitatively with the dose. Maximum rises in animals were of 
the order of 12 to 18 mm. Hg. The pressure rises seen in human subjects were 
less regular, but approximated those seen in animals Deep anesthesia was found 
to inhibit the intraocular pressure rise in humans 

lhe mechanism of the pressure rise was explored. Changes in arterial pressure 
and anoxia were ruled out. A slight rise in venous pressure was seen to occur with 
sucemylcholine, and it was felt that this might play some part in the rise in intra 
ocular pressure, In further experiments it was found that while the other skeletal 
muscles were relaxed following the injection of suceinylcholine, the ocular muscles 
were im a state of sustained contracture. The rise and fall in pressure was shown 
to be comeident with the contraction and relaxation of the extraocular muscles 

It was concluded that suceinyleholine raises intraocular pressure, and that the 
mechanism is probably contracture of the extraocular muscles 


DISCUSSION 


Dr. \. Gerarp De\or This may seem like a somewhat theoretical subject 
but the material presented is of considerable importance to us clinically. 1 would 
like to discuss this very briefly from two standpoints—-one, the use of curare-like 
agents mm cataract extraction, and, two, the specific use of succinylcholine. The 
use of curare-like agents was popularized in this country by Dr. Kirby. Dr. Kirby 
Was a superb technician, as you know; to the best of my knowledge no fatalities 
occurred during his use of the druy Phat has not been the case with other 


operators, however Several serious problems arise with the use of curare-like 
agents. There is always the possibility of re spiratory paralysis, which ts no problem 
In a general surgical procedure, where the patient is imtubated and a first-ela 


anesthetist is on hand to handle the emergency. The average cataract patient ts 
not mtubated when we start to operate, nor would this be desirable in the middle 
ofa cataract extraction, Secondly, complete circulatory collapse, although uncom 
mon, may occur, Tf it does, we are practically helpless; we have no suitable 
antidotes for succinyleholine. We have antidotes for curare, such as neostigmine, 
but for the depolarizing drugs like suceinyleholine these make the situation worse 
Pheretore we have to think seriously before we embark on the use of curare-like 
agents m cataract surgery. We have to weigh the possibility, which is probably not 
great in the average, properly prepared cataract patient, of losing vitreous against 
the possibility, which | think, again, is not great, of death: and you will have to be 
the one to decide whether the risk is worth it 

With sueccinyleholine, Dr. Lineoff has demonstrated that there is a well-marked 
contraction of extraocular muscle. He did not tell you, but he has done cataract 
sections im cats, given the drug, and produced prolapse of the iri He has also 
produced loss of vitreous after giving the drug. With this drug specifically we 
should be extremely careful. | know that it is used by the anesthetist, sometime 
without our knowledge, in cases where the curare-like agents are deemed advisable 
Personally, | would not choose to use any of these agents for cataract surgery 

Dr. Lincoff says he did not think it unsafe to use succinyleholine in glaucoma 
| think that is probably true in deep-chamber glaucoma, but in a patient with a 
narrow angle, sudden expression of fluid from the anterior chamber by extraocular 
muscle contraction might very easily precipitate an acute angle blockage. Such has 
not vet appeared clinically, to the best of my knowledge 

| again want to thank Dr. Lineoff for contributing a great deal to this subject, 
which 1s important both clinically and as a tool for further investigation 
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Dk. Davin J. Impastato: Dr. Lincoff very courteously invited me to say a 
few words. As a psychiatrist there is nothing that | might add or discuss from the 
ophthalmologic point of view Psychiatrically speaking, however, we are intensely 
interested in succinyleholine, as it is helping us to eliminate the commonest complica 
tion of electroshock therapy, namely, fractures 

We are from time to time called upon to administer EST to patients with eye 
conditions and very often call on the ophthalmologist to tell us if we may proceed 
There is a need for close cooperation between the psychiatrist and the ophthal 
mologist in the treatment of such patients 

Unfortunately, there is little in the psychiatric literature regarding electroshock 
therapy in patients with eye conditions. There are a few studies regarding the 
intraocular pressure which has been found to he raised following electroshock 
therapy, and some ophthalmoscopic observations in which it has been shown that 
the retinal vessels at first are narrowed and later are dilated during the convulsion. 
Observations have also been made on the size and behavior of the pupils during 
electroshock therapy. The literature is practically silent as to eye complications 
during electroshock therapy except for subconjunctival hemorrhages, which occur 
perhaps in 1 out of 200 patients. These are benign and usually disappear even 
though treatment is continued Hemorrhages have been reported in other parts 
of the body and other organs, such as the stomach, thyroid gland, ete., and it is 
possible that they have occurred in the retina However, we have no record of 
this, and T cannot recall having had such a complication in over 5,000 patients, so 
that if retinal hemorrhages do occur, they are extremely rare. \pparently patients 
with retinal hemorrhages secondary to hypertension have been safely treated with 
electroshock, and in one reported instance the hemorrhages receded as the patient's 
mental condition improved and his blood pressure came down 

Dr. Lincoff stated that glaucoma is not a contraindication to electroshock 
therapy. We have recently treated a patient with recurrent episodes of detached 
retina, At the time of treatment the retina was attached. No ¢ omplications occurred 

| wish to congratulate the authors on their carelully prepared and presented 
paper 

Dk. Lupwic von SALLMANN: This exciting paper is of particular interest to 
me because | have been approached three times in the last six months by the 
anesthetist of the Institute of Ophthalmology with the question whether suceiny| 
choline interferes with the intraocular pressure when it is used in general anesthesia 
I have no experience with this musele relaxant. but | thought of a possible peripheral 
vasodilating effect similar to that of acetyleholine and | planned to do some experi 
mental work with this compound, Now the reported pertinent study provides 
important information. The results presented by Dr. Lincoff and Dr. Ellis seem to 
exclude such a neurovascular mechanism for the observed dramatic rise of intra 
ocular pressure, although isso lation of eve pressure and blood pressure changes 
is known to occur after intravenous injection of acetvicholine. The assumption that 
a contracture of extraocular muscles produced the transient elevation of the eve 
pressure appears well documented, particularly by the magnitude of the responses 
(16mm. in eats). The puzzling combination of a general blockade of neuromuscular 
transmission synchronous with contracture of some orbital striate muscles leads te 
the question whether the latter effect is brought about by a central drug action of 
can be explained by differences in the neuromuscular Junction of the respective 
muscles I would like to ask Dr. | incotf, therefore , about the advisability of deter 
mining the action potentials at one of the most accessible nerves of the striate 
muscles in the orbit during the general neuromuscular block and the rise of the 
intraocular pressure Principally, | would agree with Dr. DeVoe In considering 
as unwarranted in patients with narrow angle glaucoma or the predisposition to 
this disease the use of a drug from which an even short lasting eye pressure increase 
of 20 to 40 mm. Hy may arise 

De. HArvEyY A. Lincort In regard to the question of whether there is a 
central mechanism or not, | cannot answer except to say that the rotations of the 
globe are typical of a peripheral mechanism, Pe rhaps Dr. Ellis will have a 
suggestion 
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In regard to whether a vascular phenomenon, namely, arterial pressure, is signi 
fieant, | did not point out the tracing of our experiment on arterial pressure, which 
was actually part of the first slide. However, it showed that we could not produce 
any rise in arterial pressure with ordinary doses of succinylcholine, although we 
consistently got a rise in intraocular pressure with these doses. There is a report 
that doses of the order of 100 times the respiratory paralysis dose of succinylcholine 
will cause a rise in arterial pressure. The question of whether succinylcholine will 
produce a rise in blood pressure is, | know, in dispute, and several people in the 
city are working on this matter. We did not expect arterial pressure, if it rose 
at all, to cause a rise in intraocular presure, because we thought its effeet would be 
dampened by the end-arterioles in the eye 

In regard to our evidence that contraction of the extraocular muscles is the 
iNajor precipitating factor im the rise im intraocular pressure, | realize that our 
proot is largely indirect, except for the instance where we withdrew a muscle from 
the orbit and observed it to draw back into the orbit upon the injection of succinyl 
choline. Our conclusion that the muscles contract rests largely on the fact that the 
eye rotates in the direction of the unsevered muscles in the experiments previously 


referred to Further, | would lke to mention that when we seized the vlobe with 
a torceps after the imjection of succinylcholine, we could feel it actively rotate t 
a position of immobility Direct proof that the muscles contract would consist ot 


a nerve muscle preparation which could be observed, and electromyography. These 
experiments are contemplated 


Dr. H. think the only thing | can say about the central etteect 
is that we do not know Phere seems to be a litthe evidence that succinyleholine, 
like the other muscle relaxants, shows a possibility of a central action, at least so 
lar as respiration goes. We do not know whether it is central or not; we have not 
investigated it that far, but we do know that there can be respiratory arrest with 
a pertectly functional phrenic nerve In other words, stimulating the phreme nerve 
will result im contraction of the diaphragm; so there is something which is lacking 
above the myoneural junction. That shows up only with excessive doses of succiny! 
choline, and we are not too sure whether it is actually a central depression or not 
How that applies to mtraccular pressure we have no information; so we cannot 
make any answer at all 


In regard to the question of the peculiar type of muscle apparently present im 
the extraocular eve muscles, we do know that the frog’s reetus abdomunis musele 
goes into slow contracture, with a slow onset and rather long-lasting shortening 
in the presence of acetylcholine, of succinylcholine, and of decamethonium (Syn 
curine ) In other words, substances acting like acetylcholine cause the frog’ 
rectus abdominis to go into this contracture. Whether or not the eye muscles are 
sinular to that in their response to succinyleholine we have not determined; in 
other words, we have not set up a muscle-nerve preparation where we can stimulate 


a nerve and record the contraction of one of the eye muscles. That is an experiment 
which should be done, but we have not vet done it We do know that when we 
take hold of the globe with forceps it can be moved around quite easily. After 
suceinvicholine it becomes almost locked and only very restricted movements are 
possible o it looks very much as though there develops either a sustained con 
traction, which is doubtful, or a contracture, which seems much more likely in 
the case of the extraocular muscles. This report is preliminary. We have not 


done all of the experiments we should be doimg, but we do know that there i 
a marked imerease in intraocular pressure, and we are sorry to see it with sueciny! 
choline, because we would like to see succinyleholine an all purpose muscle relaxant 
Untortunately, there is this response which has occurred every tine im the cats and 
dogs we have worked on, and, as Dr. Lincotf pointed out, it has oceurred in by fat 
the majority of the 75 electroshock patients. Since it is apparently a rather com 
monly occurring phenomenon, we felt, just as a matter of putting it on record, that 
it should be reported that succinyleholine does cause a rise in intraocular pressure 
\s to why we are still more or less in the dark, but-it apparently do eccut 
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MV. A. ARCHIVES OF OPHTHALMOLOGY 


Test for Active Eye Changes of Graves’s Disease Using Triiodothyronine and 
the Twenty-Four-Hour Uptake Method. Sinney ©. Werner 


Patients without thyroid disease show a sharp decrease in I'" uptake when 
given triodothyronine or thyroid ; little change in uptake is induced in patients with 
active Graves’s disease. This reaction is so consistent as to provide a test (Pull 
New York Acad. Med., to be published). By means of this test, patients with active 
eye signs of Graves’s disease can be distinguished from patients with inactive eye 
signs remaining after the successful treatment of Graves's disease, and from patients 
with eye changes simulating Graves’s disease, such as pseudotumor or lymphoma 
of the orbit. These last two groups show a normal response, with decreased 
uptake to triiodothyronine administration. Finally, a group of euthyroid patients 
with the early eye changes of Graves’s disease have been identified and found to 
give the same limited response to triiodothyronine as patients with outspoken hyper 
thyroidism (Am. J. Med., to be published). The clinical characteristics of these 
patients has heen presented 


COLLEGE OF PHYSICIANS OF PHILADELPHIA, SECTION ON OPHTHALMOLOGY 


Edmund B. Spaeth, M.D, Chairman 


William E. Krewson 3rd, M.D., Clerk 
Oct. 21, 1954 


Hyaluronic Acid and Hyaluronidase in the Aqueous Humor and the Anterior 
Chamber Angle. Dk. xnsr Barany, Upsala, Sweden 


The resistance to flow through the chamber angle of excised animal eyes ts 
reduced to about half by small amounts of testicular or bacterial hyaluronidase 
This indicates the presence of mucopolysaccharides in the outflow barrier. A 
search was made for hyaluronidase in the aqueous humor, which might have been 
an important controlling factor for the outflow resistance. No evidence for the 
existence of the enzyme in the aqueous was found, The mucolytic properties of the 
aqueous in vitro are explained by its ascorbic acid content 

Lowering the intraocular pressure by unilateral carotid ligation in rabbits leads 
to an increase in the resistance of the angle. Increasing the intraocular pressure 
by venous obstruction decreases the resistance of the angle. The resistance ot 
normal rabbit eyes is unaffected by prolonged treatment with progesterone oimt 
ment but lowered by cortisone and cortisol 


Edmund B. Spaeth, M.D., Chairman 


William E. Krewson, 3rd, M.D., Clerk 
Nov. 18, 1954 


Evaluation of Certain Glaucoma Operations, with Especial Reference to Cyclo- 
electrolysis, Cyclodiathermy, and Iridocorneosclerectomy: The Seventeenth 
Annual de Schweinitz Lecture. Conran Berrns, New York. 


The choice of an operative procedure for the control of tension in glaucoma 
should be carefully considered, not only for its mode of action but also for the 
over-all long-range performance of the operation. ‘The evaluation of the procedure 
should include the control of tension within normal limits without or with the use 
of mioties, the increase or preservation of the preoperative visual fields and visual 
acuity postoperatively, and the immediate and long-range postoperative compli- 
cations 

The compilation of 239 eyes atfected with all types of glaucoma, in’ which 
cycloelectrolysis was performed and postoperative observations were made from 
two to nine years, revealed that 32% of these eyes were controlled without miotics 
and 33% with muioties, for a total of 65% of the eyes in which tension was con 
trolled under 25 mm. Hg (Schigtz). Vision improved or remained unchanged in 
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62% of 225 retained eyes in this series. One per cent of the eyes became atrophic. 
Other complications encountered were iridocyelitis, in 14%, and absolute glau 
coma, in 3%, of the eves 

\nterior cyclodiathermy was performed in 264 eyes affected with all types ot 
glaucoma and observed postoperatively for from 1 to 14 years. our per cent 
of the eyes were controlled without miotics and 24% with miotics, for a total ot 
29% of the eyes in which tension was controlled under 25 mm. Hg (Sehigtz). 
Vision in 224 retained eyes improved or remained unchanged in 17% of this 
series. The more serious postoperative complications observed im this series ot 
223 retained eyes include atrophic globes, 11% ; phthisis bulli, 4% ; hemorrhage of 
the anterior chamber, 9% ; vitreous hemorrhage, 3% ; uveitis, 4%, and cataract, 2% 

The prognosis following retrociliary diathermy in 127 eyes observed post 
operatively for from one to four years is poor, Only 4% of the eves were controlled 
without miotics, and 22% with mioties, for a total of 269% of the eyes in which 
tension was controlled under 25 mm. Hg (Schigtz). \ision improved or remamed 
unchanged in 35% of 114 retained eyes. The postoperative compheations melude 
atrophic globes, 6.59% ; phthisis bulbi, 2% ; hemorrhage in the anterior chamber, 
5+ % ; vitreous hemorrhage, 1% ; iridocyclitis, 1% ; absolute glaucoma, 1%, and 
panophthalmiutis, 2% 
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(Of the two most used procedures designed to diminish the formation of aqueous, 
cycloelectrolysis seems to be more etfective than cyclodiathermy, with fewer post 
operative complications. The long-range prognosis following anterior cyelodiathermy 
is discouraging, and the results of retrociliary diathermy are poor, with a high 
percentage of atrophic eyes resulting from both of these procedures. Because 
most increased tension results from diminished outflow, and the hypotensive ettect 
of operations like cyclodiathermy and cycloelectrolysis is often of short duration, 
these procedures should be reserved for cases in which filtering Operations are 
contraindicated, or when outflow following a filtering procedure is mildly madequate 

valuation of operations producing subeonjunctival filtration showed that the 
results following iridocorneosclerectomy were superior to those following simple 
iridencleisis and iridencleisis combined with sclerectomy 

In a series of 511 eyes observed for from 1 to 24 years following iridocorneso 
sclerectomy for all types of glaucoma, tension was controlled under 25 mm, Ig 
without miotics in 30% of the eyes, and with mioties in 47%, for a total of 77% 
of the eyes controlled. Vision improved or remained unchanged in 56% of the 
$87 retained eyes. Atrophy of the globe occurred in one eye; phthisis bulbi, two 
eyes; absolute glaucoma, three eyes; iritis, two eyes; iridocyclitis, one eye ; uveitis, 
two eyes; vitreous prolapse, one eye; synechiae, one eye; cataract, one eye, and 
hemorrhage in the anterior chamber, 1% of the eyes 

Che results of iridencleists for various types of glaucoma in 501] eyes, observed 
for from 1 to 14 years postoperatively, revealed that the tension was controlled 
without miotics in 14%, and in 38% with mioties, making a total of 52% in which 
tension was controlled under 25 mm. Ig (Schigtz). Vision was improved or 
remained unchanged in 40% of 481 retained eyes. ‘The complications include 
atrophic globes, 1% ; phthisis bulbi, 2%; absolute glaucoma, 3% ; iridoeyclitis, 
1% ; cataract, 4% ; dislocated lens, 1.5%, and hemorrhage into the anterior chamber, 
8%. Severe uveitis which was diagnosed as possible sympathetic ophthalmitis 
was reported in two eyes, a case of questionable sympathetic ophthalmitis in a third 
patient, and proved sympathetic ophthalmitis in a fourth 

The postoperative results of iridencleisis combined with selerectomy in 100 
eyes affected with chronic simple glaucoma, observed for from one to nine years, 
show that tension was controlled without miotics in 29% of the eyes and with 
miotics in 44%, making a total of 73% of the eves in which tension was controlled 
under 25 mm. Hg (Schigtz). Vision in 96 retained eves showed improvement 
in 28%, and was unchanged in 27% of the eyes 

When a fistulizing operation is indicated and especially when eycloelectrolysis 
is contraindicated, iridocorneosclerectomy seems to be the operation of choice and 
has controlled tension and preserved visual acuity over a long period of time, with 
a nunimum of complications encountered in eyes observed for from 1 to 24 years 
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NEW PREPLACED CORNEAL SUTURE 


lo the kditor With reference to the “New Replaced Corneal Suture” 
described by A. Lachner, M.D.. in the July, 1954, issue of the Arcuives. page 129, 
and discussed by M. A. Shah, M.B., M.S., in the December, 1954, issue. page 970, 
and by F. A. Williamson-Noble in the January, 1955. issue, page 192, | should 
like to say that during my residency, in the fall of 1953. my interest in the pre 
placed suture, after reading McLean's article in the Arcuivt (23:554 | March] 
1940) lead me to arrive at the same technique as that described by Dr. Lachner, 
but for the one variation which [| feel completes the technique by facilitating 
grasping of the suture and eliminating its being frayed. This variation consists 
in not being anxious to run the entire needle completely through to the scleral 
ile of the limbus but in stopping the hub of the needle right in the groove 
depressing the exposed part of the needle toward the globe, and backing the 
hub up through and out of the groove until about one-half of the proximal aspect 
of the needle is in view. Then, by employment either of a blunt iris hook or of 
a Wiener corneal hook, the needle alone is hooked close to the limbal groove, 
and then this needle is brought through to the scleral side of the limbus. The 
suture will always be found on the hook. It is not a good practice to try fishing 
lor the taut suture at the posterior aspect of the needle, for this maneuver also 
tends to fray the suture material. or even pull it off the eyeless type needle. | 
have found that the #81 Grieshaber corneal needle is preferable to the eyeless type 
heeause the thread may fray on the latter as the hub is emerging from the groove 
lor several reasons, | preter to use the Verhoeff tract technique and have found 
that if the surgeon will dull the tip of one of the 6-0 needles in each of the double 
armed sutures and then resterilize the units, he will find the rethreading much 
easier because the needle tip does not get caught along the canal walls. A #8] 
Grieshaber needle can then be used to replace the dull needle in order to pass 
it through the conjunctival flap 

Perhaps of some interest to other ophthalmologists because of usefulness, low 
cost, and the ease of operation and installation is the employment in the office or 
cline of a foot switch #491-S Linemaster ¢ ompact (cost approximately $4), manu 
lactured by the Linemaster Switch Corporation, Woodstock, Conn. This foot 
switch | have placed into the line, within easy reach of my foot. to beth my slit 
lamp biomicroscope and lensometer, These two instruments are on only when the 
loot switch is continuously depressed and are automatically turned off when | 
remove my toot as | walk away from the instrument. The foot switch is approxi 
mately 244% in. Once one has used this switch. one wonders why the 
instrument doesn't come equipped with it 

Submitted for what it might be worth to ophthalmology is the following 
There are to be seen in the literature discussions on sterilization methods for the 
tonometer and on instances in which one hesitates to utilize this instrument | 
feel that a satisfactory way of taking readings is to cut a small portion of a condom 


into the following shape to fit the palpebral fissure cs and place this onto the 
patient's globe with the ' in. tag of the rubber hanging over the lateral commissure 
| have not been able to detect any apprec iable difference in readings with and 
without the latex product on routine examinations; however, a careful study in 
a large clinic would be desirable. The rubber pads can be kept sterile in benzal 
komum (Zephiran) chloride solution 1: 1000. If this idea has any merit, the latex 
companies may be influenced to stamp out these rubber pads with more manageable 
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tags. Utilizing but one tonometer, a practitioner could screen a fair number of 
patients a day, maybe paving the way to a Glaucoma Detection Week, just as we 
now have Diabetes Detection Week. Has the shoe found a useful purpose on a 
different foot ? Lioyp M. Hortick, M.D, 

82 Court St 


Portsmouth, N. H 


UNILATERAL BLINDNESS DURING ANESTHESIA 


lo the Editor :—1 have just finished reading the article in the December, 1954, 
issue of the Arcuives by Drs. Robert W. Hollenhorst, Henrik J. Svien, and Clair 
I. Benoit, entitled “Unilateral Blindness ¢ ccurring During Anesthesia for Neuro 
surgical Operations,” and it recalled to mind an incident which occurred more than 
30 years ago, when | was a resident at the Manhattan lkye, kar and Throat 
Hospital. \ lacrimal gland was excised on the service of Dr. Herbert \\ cotton, 
and, because of troublesome bleeding, a pressure bandage was applied. When 
the bandage was removed at the end of 48 hours. the patient remarked that she 
could not see. Examination of the eyegrounds revealed no apparent abnormality, 
but as the days went by the patient did not recover her vision, and optic atrophy 
gradually evolved 


In February, 1924, when | was doing some postgraduate work in Vienna, | 
asked Docent Guist if he had ever seen such a case, and he immediatels became 
excited, saying that within that past year they had had three such incidents in the 
\llgemeines Krankenhaus. [It was his theory that bleeding in the orbit. pushing 
the globe forward against a pressure bandage, elevated the intraocular 


pressure 
to such 


an extent that the retinal circulation was temporarily suspended, and that 
the nuclei in the nerve center of the retina died as the result of the long-continued 
ischemia 

| have always borne this in mind and, avoiding the use of pressure bandage 
on healthy eyes, have not since seen a similar case 

W. GUERNSEY Frey, M.D 

121 60th St 
New York 22 


INTRAOCULAR PENETRATION OF LOCAL HYDROCORTISONE AND CORTISONE 


lo the Editor Weimar and Leopold, in a very constructive article in the 
November, 1954, issue of the ARCHIVES. point out that hydrocortisone acetate 


injected subconjunetivally did not penetrate the eye in high levels, with the test 
employed. 


In my article in the American Journal of Ophthalmology in April, 1954, it 
was pointed out that “hydrocortisone acetate was inferior to the free 


alcohol form 
ol hydro ortisone 


in the treatment of eye disease by subconjunctival injection 
\ combination of the hydrocortisone acetate and free 


alcohol form of hydrocortisone 
has proven very satisfactory.” 


:xperience with systemic hydrocortisone indicates a superiority over cortisone 
im intraocular inflammations.  Peculiarly enough, hydrocortisone acetate has a 
marked superiority over the virtually inactive cortisone acetate when employed as 


an omtment in the treatment of dermatological conditions of the skin or 


mucous 
membranes 


The inferiority of hydrocortisone acetate to cortisone acetate by sul 


conjunctival 
injection may be due to one of many factors 


(1) Too rapid systemic absorption of 
the hydrocortisone acetate may oceur; (2) hydrocortisone acetate mav be changed 
to something else within the eye, or (3) the hydrocortisone acetate may be 


absorbed 
into the eye in very small amounts over a longer period of time. 


The free-aleohol form of hydrocortisone was effective clinic ally, but over too 


short a period. Therefore, it was combined with what was thought to be the longer, 
slower-acting acetate. 
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(One cannot apply the experimental or clinical evidence gained with hydro- 
cortisone acetate to any other form of hydrocortisone. To date | have employed 
three other forms of hydrocortisone, no two of these functioning alike clinically 

‘Loo frequently ophthalmologists overlook the fact that the dose and route of 
administration determine the efficacy of the steroid used. 

The role of steroid therapy in ophthalmology is an important one.  llowever, 
there is very little question that hydrocortisone and cortisone acetate will be 
superseded by still other forms, and these, similarly, in their turn 
Dan M. Gorpon, M.D. 
133 58th St. 


+ New York 22 
: lo the E:ditor:—\ appreciate the remarks made by Dr. Gordon, stimulated by 


our paper. I believe his discussion may prove helpful in the handling of steroids 


in ophthalmology Invinc H. Leoroww, M.D 


1930 Chestnut St 
Vhiladelphia 3 


A PHYSIOLOGICAL UNIT OF CONVERGENCE 


lo the Editor: —Convergence is a binocular function, as there can be no con 
vergence in a one-eyed person, The angle formed by the two visual axes at the 
point of fixation is the (static) angle of convergence. It would therefore seem 
logical to detine the unit of convergence, the meter angle, in a binocular sense. 


This has now been brought about by the recent decision of the Committee on 
Optics of the American Academy of Ophthalmology. They define the meter angle 
as the angle formed by the two visual axes at a point of fixation | meter from the 
center of the interocular base line 


The original definition of Nagel used one visual axis as the measuring line; 
that is, the point of fixation was 1 meter away as measured on the visual axis 
Use of the midline, that is, the line from the midpoint of the interocular base line 
to the pomt of fixation, is preferable, as it can be used much more widely. If 
the point of fixation is on the median plane, then the midline becomes the median 
line. When the point of fixation is not in the median plane, say, it is to the right 
or the leit of the median plane, then the midline is not the median line. But it 
can still be used conveniently as the measuring line 


(me objection to the meter angle as a unit of measurement that has been raised 
at one time or another is that in actual degrees the angle corresponding to, say, 
5 meter angles is not equal to five times | meter angle. It is slightiy less. But 
the difference is extremely small, a matter of 6 minutes of are in an angle of con 
vergence of over 17 degrees. By direct computation, the angle corresponding to 
5 meter angles (for a P. D. of 60 mm., point of fixation in the median plane) is 
17°14’. The angle as found by multiplying the unit (1. e€., 550378’) ts 17°20 


When the point of fixation is to the right or the left of the median plane, the 
meter angle, in degrees, is slightly less than when the point of fixation is on the 
median plane. But here, too, the difference is very small, For example, the degree 
value of 5 meter angles for a point of fixation 15 degrees to the side of the median 
plane is 16°30! as against 17°14 on the median plane. Thus, use of the midline 
as above defined for measuring convergence in meter angles, wherever the point 
of fixation may be, is really a simple and practical method, This concept of the 
meter angle is bound to supersede the idea of a monocular meter angle as often 
defined, using the median line as one of the sides of the angle 

Josep I. Pascat, M.D. 
41 W. 96th St. 
New York 25. 
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News and Comment 


Epitep BY Dr. W. BeNnepict 


SOCIETY NEWS 
Pennsylvania Academy of Ophthalmology and Otolaryngology. lhe 13th 


annual meeting of the Pennsylvania Academy of Ophthalmology and Otolaryn 
gology will be held May 18 to 21, 1955, at the Hotel Traymore, Atlantic City, 
N. J. This meeting is being held jointly with the New Jersey Society of Ophthal 
mology and Otolaryngology and the West Virginia Academy of Ophthalmology 
and Otolaryngology. 

Dr. James H. Delaney, president of the Pennsylvania Academy, will preside 
The guest of honor for the meeting will be the President-elect of the American 
Medical Association, Dr. Elmer Hess 


The meeting will consist of study clubs and general sessions. The faculty 
for the study clubs will be members of the societies. Papers at the general sessions 
will be given by members of the societies and invited guests. 


Those invited to participate are as follows: 
( Iphthalmolog y 


Samuel Blank Chief, Department of Anesthsia, Wills Eye Hospital 
F. Bruce Fralick Professor of Ophthalmology, University of Michigan 
Glen G. Gibson Professor of Ophthalmology, Temple University School of Medicine 
Peter C. Kronfeld Professor of Ophthalmology, University of Hlinois College of 
Medicine 
kdmund B. Spaetl Attending Surgeon, Wills Eye Hospital 
Professor of Ophthalmology, Graduate School of Medicine, Univer 
sity of Pennsylvania 
John M. Melean Professor of Ophthalmology, Cornell University Medical College 
lames S, Shipmar \ttending Surgeon, Wills Eye Hospital 
Clinical Professor of Ophthalmology, Graduate School, University 
of Pennsylvama 
Associate Professor of Ophthalmology, Jefferson Medical College 
Attending Surgeon, Wills lye Hospital 
\ssociate Professor of Ophthalmology, Graduate School, University 
of Pennsylvania 
P) Robb McDonald \ttending Surgeon, Wills Eye Hospital 
Ophthalmologist to the Lankenau Hospital 
John S. MeGavic Chief of Ophthalmology, Bryn Mawr Hospital 
\ssociated Professor of Ophthalmology, Hahnemann Medical College 
Harvey EF. Thorpe Chief, Department of Ophthalmology, Montefiore Hospital 
Edwin B. Dunphy Professor of Ophthalmology, Harvard Medical School 
Director, Massachusetts eye, Ear, Nose and Throat Hospital 
Charles I. Thoma Assistant Professor of Ophthalmology, Western Reserve, University 
School of Medicine 
Irving H. Leopold Attending Surgeon and Director, Research Department, Wills Eye 
Hospital 
Murray F. McCaslin Profesor of Ophthalmology, University of Pittsburgh School of 
Medicine 
William E. Krewson Chief, Department of Motility, Wills Eye Hospital 
William C. Owens \ssistant Professor of Ophthalmology, The Johns Hopkins Hospital 
Raynold N. Berke Presbyterian Hospital Medical Center 
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George J. Thomas Director, Departments of Anesthesiology, | ancis’ and Medical 
Arts Center Hospitals, New York. 

William C. Huffman University Hospitals, lowa ( ity 

Henry L.. William Mayo Clinic, Rochester, Mint 


Lee Doerfler Professor, Audiology Department. Audiology Eye and Ear Hospital, 
University of Pittsburgh 


Joseph L. Goldman New York 


Heinrich G. Kobrak Professor of Otology, Wayne University College of Medicine. 


Los Angeles Society of Ophthalmology and Otolaryngology..The os 
Angeles Society of Ophthalmology and ¢ Nolaryngology has elected the following 
othicers for 1955: 

Robert \ Norene, M.D 
Secretar) asurer, Leland R. House, M.D 
Chairman of Seetion on Ophthalmology, Wendell C. Irvine. M.D 
mecretary of Section on Ophthalmology, Stephen J. Popovich, M.D 
Chairman of Section on Otolaryngology, Herschel H. Burston, M.D 


igology, Ross A. Goodeell, M.D 


CORRECTION 


In the article entitled “Chelation of Calcium with Edathamil Caleium-Disodium in Band 
Keratopathy and Corneal Calcium A ffectior hy Goodwin M. Breinin, M.D., and A. Gerard 


DeVoe, M.D. 'December, 1954, issue page 846], there appeared an error in nomenclature 


iedathamil caleium-disodium was not the drug used im that study, but rather the authors used 
the disodium salt of ethylenediamin« tetraacetic acid, adjusted [to neutrality] wit! odium 
bicarbonate 


In the manuseript the term EDTA was used g ally for the disodium 


chamine-tetraacetic acid. This was regrettable. it fostered confusion as to t substance 


used. In accordance with the A. M. A. policy of using jofheial or} Council-accepted nomenclatur: 


only, the manuscript editor unfortunately substituted the term edathamil calcium-disodiun 


il 
This term actually refers to the end product of calerum che lation, which would | quite mettective 


as a treatment of such condition 


The exact nature of chelating 1 is complex and dese future clarification 


We wish to emphasize that the drug used was the disodium salt vlenediamine-tetra 
tie acid adjusted [to neutrality] with sodium bicarbonate 


Goopwtn M. Breintn, M.D 
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The Most Important Screw 


a Spectacl Frame ws a 


Loose Screw! 


In a combination frame, between a safe and sound 
lens and a broken one lies but one tiny screw. Tight, 
it seldom is noticed. Loose, it becomes a hazard and a 
potential waster of time, money and good will, the 


most vital screw in the whole frame. 


Most optical men have been victims of the loose 
screw nuisance. They've had to pacify patients, spend 
time on adjustments, even replace some broken 


lenses without cost. 


Wonderfully opportune, then, and widely wel- 
comed, is Continental’s new MANSFRAM with its 
Barreloc construction. In Barreloc, ingenious little 
tubes soldered to the frame eyewires have metal 
ears which turn down over the screw heads to lock 


them securely into place. It ends a world of woes. 


MANSFRAM with Barreloc is now in the hands of 


most independent laboratories. If you haven't seen 
it, do. Use it and enjoy the pleasure it gives patients, 


the freedom from problems it gives you. 
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The test of time proves that the 


all “LACRILENS”® contact lens can be worn 
for long periods of time in aphakia and in all 
sports, including swimming. Write For Brochure 


Laboralories Sne. 


49 East 51st Street, New York 22, N. Y. 


Manufacturers of all types of Contact Lenses —~ ® 
Branches in (( 
PHILADELPHIA MONTREAL « JOHANNESBURG 


Instrumentation for 


MICRO-GONIOSCOPY and GONIOTOMY 


after Otto Barkan, M.D. 


GONIOSCOPE (illustrated) floor model, for of- 


fice and hospital surgery... . . $185.00 
CORNEAL MICROSCOPE B&L........... 180.00 
CORNEAL MICROSCOPE Haag-Streit....... 225.00 
Your own Corneal Microscope adapted to gonio- 
Otto Barkan Focal Illuminator (hand lamp) 
with plug in transformer............... 42.50 


Otto Barkan-Koeppe Diagnostic Lens (for viewing 
the angle) small (infant) 16 & 17 mm 
(medium) 18 & 19 large (adult) 20 mm in 


Otto Barkan Surgical Goniotomy Lens 

small (infant) med. (child and adult) 45.00 
Otto Barkan Surgical Knife (latest model). . . 9.75 
Otto Barkan Operating Lamp.......... wi 65.00 


Gonioscope PARSONS OPTICAL LABORATORIES, INC. 


518-20 Powell Street San Francisco 2, Calif. 
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STERILE DPHTHMAL SOLUTIONS 


@ physiologically active 


© exceptionally well tolerated 


© buffered for stability 


@ sterile and bacteriostatic 


© tamperproof - sealed 


each ¢ opper@Pottle is serie 


@ and dated 


Sec we?! 


150 $04 


Homatropine HBr. 


— 
PILOCARPINE HC) Atropine Sulf. Eserine Sal. f fective Pilecarpine HCI, 
depen ti wi virtual tiv ivect act 
plegia. osmotic. effects. buffered. 


® 
for a descriptive 
The 1SO-SOL Co., Inc., Brooklyn 17, N.Y. 150'S0L) Write 
Distributors; Montreal, Panama City list of all 1ISO-SOL products. 
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For Cases of Subnormal Vision 


Telescopic Spectacles effect sub- 
stantial improvement in many cases 
of low visual acuity. Available in 
two powers, Spectels provide retinal 
image magnification of 1.7 or 2.2 
diameters. 


Prescribing Spectel telescopic spec- 
tacles is primarily an extension of 
regular refracting routine, Trial sets 
are simple to use and moderate in 
price. 


Full details in bulletin 302 available 


from your supply house or direct 
from us. 


Distributed in Canada by 
imperial Opt.cal Company 
/ Plant: Northampton, Massachusetts 


Experience has shown that Spectel 


TELESCOPIC * 


KOLLMORSES 


SPECTACLES 


x 2 ° 2 X (with Coated Lenses) 


CORPORATION 


New York Office: 30 CHURCH ST., NEW YORK 7, N. Y. 


The Berman Metal Lo 


cator 


An electromagnetic detecting device that quickly 
and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
lic fragments are readily detected from a satisfactory 
distance through intervening bone, tissue and fluids 
Probing or physical contact with the foreign body is 
not required for detection. 

The thin sterilizable probe provides preoperative 
localization, “‘pin-point” accuracy within the incision 
and postoperative check. 

Lends precision to foreign body surgery and greatly 
reduces surgical trauma. 


BERMAN LABORATORIES 


112-03 Rockaway Bivd. Ozone Park 20, N.Y. 


POSTGRADUATE COURSE 
and 

SUMMER CONVENTION OF THE 

COLORADO OPHTHALMOLOGICAL 
SOCIETY 
and the 
UNIVERSITY OF COLORADO 
MEDICAL CENTER 
Denver, Colorado 
July 25, 26, 27, 28, 1955 

The program will consist of lectures, seminars 

and demonstrations of interest to both the spe- 


cialist and the practitioner caring for Eye 
Diseases 


Registration will be open to all members of 
the Society and qualified physicians on a limited 
membership basis. Tuition $40.00. 


Plan now to attend and combine an intensive 
review of advances in this specialty with your 
summer vacation 


Complete program and details will be mailed 
upon request addressed to: 


Director of Postgraduate Medical Education 
University of Colorado School of Medicine 
4200 East Ninth Avenue 
Denver 20, Colorado 
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Grame 


Newest 
Style 
Creation 

by 

ZYLO WARE 


EYES BRIDGES 
40 | 

42 16, 20, 22 

J The Angelic frame flatters any 

face, any age. Available in a 

vast variety of alluring colors, 

designed to match any patient's 


mood for daytime, evening or sportswear! 

ee SOLD ONLY THROUGH YOUR PRESCRIPTION AND SUPPLY HOUSE 
Established 1923 Ch. 


prescribe an extra pair. -15 47th AVENUE, LONG ISLAND CITY 1, 


For your patient's sake 
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LORDAN Chalazion Forceps, 


WIES Cholezion Forseps, 
with flattened top, to allow — 
introduction deep into the 
fornix. Transverse serrotions 


Steel $11.00 e0ch 
‘4 


FORCEPS 
LAWTON 


with pointed jow, to facili- 
fate access to the smaller 
types of chalezia either at 
the inner or external conthus. 


Stainless Stee! $10.50 each 


Classifies 144, 96 or 48 


frames at your fingertips. 


We're glad to send 
you complete infor- 
mation on the items checked. 


Glover FRAME CABINETS 
[_] Glover FITTING DESKS 


[_] Glover FRAME PANELS and TILES 
for office wall frame presentation. 


[_] Glover Pian for Correlated Frame 
Dispensing. 


Recommended by your optical supply house. 


LEADING DESIGNER AND 
MANUFACTURER OF OPTICAL 
FRAME DISPENSING EQUIP. 
MENT SINCE 195! 


TEXAS 


Copyright 1955 by A. D. Glover 


The LAWTON 


425 FOURTH AVENUE 


New Glover FRAMETAINER 


exclusive in Glover FRAME CABINETS 


NEW YORK 16, N. 


THANK ME FOR THE 
THINGS YOU DONT SE 


Saye Gay 


Eyes In The Back Of Their Head??? 


Such a condition could have its advantages—but 
persons shouldn't see things behind them in the 
surface of their glasses—their eye lashes, eye- 
brows, etc. MAY-O-LITE coated lenses will help , 
eliminate annoying “GHOST” reflections of things 
behind a person. 


Complete Your Professional Service By Adding 


The Best in Sight 
MAY-O-LITE 


Low Reflection Coating 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 


prevent slippage. 4 d 
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SIMPLIFIED ASTIGMOMETER 


(Lebensohn) 


PLASTIC 
WASHABLE 


“NO COMPUTATION REQUIRED” 


CAN BE USED AT 10 OR 20 FEET 


Send for Literature 


EACH $9.75 


(Actual size 134” x 14”) 


New Near Chart 


GUIBOR Symbol Near Chart now available 
os 
in durable and soilproof plastic. Gives dis 
NEARPOINT “E” CHART 


@ 


tance equivalents, as well as quantitative 


measurements for near vision. E 


Symbol 
TO BE HELO FOURTEEN INCHES FROM THE EYE 


understood by all 


Place your order now 


Actual size 6" x 6” 


OPHTHALMIC 
OPTICIANS 
DISPENSING SERVICE 


Loop Office: 


109 N. Wabash, at Washington INC. \oP Wilmette Office: 
9th Floor STate 2-5362 


1139 Central Avenue 
CHICAGO, ILL. (Formerly Belgard, Inc.) WILMETTE, ILL. 
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LONDON 


SURGICAL INSTRUMENTS CO., INC., 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 
ESTABLISHED 1875 


PARIS 


SCHIOTZ 
TONOMETER 


This instrument is made in strict accord 
ance with the revised specifications 
adopted on March &, 1952, by the Com 
mittee on Standardization of Tonometers 
of the American Academy of Ophthal 
mology and Otolaryngology, and is sup 
plied in a dust-proof case which has 
separate recesses for the Instrument, Test 
Block, Weights, and Plunger. 

As made in our own laboratories it pre 
serves all of its original effectiveness for 


determining ocular tension with a new 


margin of accuracy, sturdiness, ease of handling and beauty of finish that is characteristic of instruments 
made by Meyrowitz 
It has been found satisfactory by many Ophthalmologists and meets all the specifications of the 
AOO. Tonometry Committee 
Approved by the Flectrical Testing Laboratories, leaves nothing to be desired from the standpoint 
of accuracy 


In case, with certification, each $55.00 


218 Second Ave. 


NEW YORK EYE 
AND 


EAR INFIRMARY 


POST-GRADUATE SCHOOL 


Course in 
HISTOPATHOLOGY OF THE EYE 
May 16-21, 1955—2 to 6 P. M. each day 
Fee $100 


Address Registrar 
N.Y. C.3, N.Y. 


BASIC COURSE IN ORTHOPTICS 
FOR TECHMCIANS 


Sponsored by the 
American Orthoptic Council 
June 20 to August 13, 1955 


At the Department of Ophthalmology 
College of Medicine 
State University of lowa 


Didactic Lectures and Practical 
Demonstrations by 


Outstanding Faculty 


For Applications and further information 


write to 


Hermann M. Burian, M.D. 
Department of Ophthalmology 
University Hospitals 
lowa City, lowa 
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In aphakic cases... 
after the permanent R 


has been established 


CATAREX 


LENTICULAR CATARACT BIFOCALS 


for a highly satisfactory 
° 
post-operative course 
i cataract cases, vse 
— The visual ability ... and often visual comfort as well 
ore ‘it ae of cataract patients is influenced by the 
ifocals 
cataract bi 


refractionist’s choice of a permanent lens 
Many times, the weight and distortion of ordinary 


cataract bifocals have a negative effect on the 


Pi foc als 
ary Cataract eld 
“~TAREX Tempore ce in the fiel« 
revolutionary nce jon, con: 
of post operat hic h is 
sisting of 


cemented asp 

with atraight 1op 
unection with © 

t lenses problems 

ry distance, segme 

pi ts ng are minimized oF egment 

surfacing 

en 

the lier about this 

hthalmi suppl 

your op 

«plendid new ser 
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well-being of the aphakic individual, who must depend 
upon his lenses to provide vital delineation of detail. 
CATAREX ‘D' Lenticular Cataract Bifocals were 
designed to give vastly superior performance over 
ordinary cataract bifocals in aphakic cases. They 
are light in weight, cosmetic ally attractive and yet 
provide maximum areas in both distance and near 
fields. 


Base curve series for CATAREX ‘D’ number 


six, with others available on factory order 


CATAREX ‘D’ LENTICULAR CATARACT BIFOCALS 
Straight-top segment — 18mm 


Distance portion — 34mm diameter 
Standard additions — 2.50D to 3.50D 


Tint # 1 only 


VISION-EASE 


CORPORATION 


Saint Cloud, Minnesota 
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You will give your patients the correct an- 
swer if you use the new 2nd Edition of the 
DVORINE COLOR PLATES. 


The DVORINE PSEUDO-ISOCHROMATIC 
PLATES uncover not only weaknesses in 
color perception, but in color nomenclature 
as well, 


Here are some of the desirable features 
which are found ONLY in the DVORINE 
COLOR PLATES: 


@ A test for color nomenciature, to dis- 
tinguish the color blind from the 
color ignorant 


@ A special section for testing very 
young children and illiterates 


@ Each plete is limited to two color 


more positive. 


@ The set consists of 23 plates with 
eight different color combinations, for 
the identification of specific confusion 
colors 


@ A six-ring loose-leat binder for rapid 
change of plates sequence, to outwit 
the malingerer 


MAIL THIS COUPON 


Scientific Publishing Co. 
Dept. A $12.00 
2328 Eutaw Place complete set 
Baltimore 17, Md. 
Send me a copy of the new 
“DVORINE PSEUDO-ISOCHROMATIC PLATES” 
(with directions) 


Nome 
Address 
City Zone State 
Remittance Enclosed Bil Me. 


it check accompanies order, you ma Fe @ cash 
discount of 5%, that is, send only $1 

(Money cheerfully refunded if you are ~» satisfied 
with the set when you receive if.) 


Above mode! $30.00 
With UV. Bulbs 


cylinders, 


lenses, 
frames 


system, 
ing device 


TRIAL SETS 


In polished wood feit 
lined 


cases 


Includes spheres, 
prism, 
colored lenses, 


ace 
2 trial 


(other models to 
$555.00) 


LENSMETER No. | 


Small, 


compact 
and accurate. In 
cludes marking de 
vice. + & 20.00 
diopters 


#125 


LENSMETER No. Il 


This beautiful mod 
ern instrument has 
ZEISS typetarget 
interior 


reading 
and mark 


be improved upon 


BURTON LAMPS 


For internal and 
external examina- 
tion. Black or white 
light 


Excellent for 


fitting contact len- 


ses 


$1350... 


R. G. BURTON & CO. 


MANUFACTURERS & DISTRIBUTORS 


2012 Bagley Ave. 


all prices fob L.A 


Los Angeles 34, California 


Cannot 


| Doctor, am color blind?” 
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NEW LIGHT POWERFUL 


Storz Aras Hand Eye Magnet 


E-6650—Eye Magnet, Atlas: complete with four tips in wooden case 
and separate rectifier with footswitch. Small size for maneu 
verability and ease of handling. The magnet weighs 4.6 lbs. 
The rectifier with footswitch weighs 8.7 lbs. The type of tip 
selected is dependent on the position of the splinter. For 
strongest pulling power, the large cone tip is applied. More 
effective results are obtained by stepping on the footswitch 
repeatedly to get short interrupted pull rather than a long 
steady pull. 


Power: The strong pulling power is similar to that given by the 


giant magnet. The absolute pulling power at the flange is 
12.5 kg. or 28 lb. The ball jump power is 38.5 mm, The han 
q dling is not interfered with by strong directional pulls 


Small 


Advantages Light weight—eusi/\ handled 
one 


Versatile—selection of tips 
POWER! — POWER! — POWER! 


«eve Made for 110 volt, 60 cycle, alternating current. If other 
available from Storz sales. CUrrent or voltage is desired, please specify. Uses 150 watts 
men only. We do not dis 
tribute under any other 


name or trademark Complete—$149.50 


Order directly from 


Stor Justraument Company 


4570 Audubon Ave. St. Louis 10, Mo. 


Developed and tested at the University Eye Clinic in Kiel. 
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VOLUME FILES 
for 


A. M.A. SPECIALTY JOURNALS 


$1.50 : Archives of Dermatology 


a pair Archives of Neurology 


and Psychiatry 
oe Ulustrated here 


(not suitable for for- Th Archives of Internal Medicine 
mailing) 


Archives of Pathology 
Archives of Surgery 
Archives of Ophthalmology 
Archives of Otolaryngology 
American Journal of Diseases 

of Children 
Archives of Industrial Health 


You keep your Specialty Journals, of course, but where? Are they 
filed chronologically, in a convenient place—readily accessible for 
reference? Are they preserved for succeeding years? 


The volume file cases shown above are inexpensive and serviceable. 
More important to you—-when used with the indexes published each 
year, they make the Specialty Journals a valuable part of your per- 
manent reference library. The files are sold only in pairs, one for 
each six issues (one volume) of a Specialty Journal. The two cases, 
or one pair, hold the twelve copies for one year. 


Made of heavy fiberboard, cloth-taped at corners for extra strength. 
Covered with fine-quality binders cloth. Open at back and labelled 
on front for ready reference. Labels are supplied free—volume and 
year to be filled in as desired. When ordering specify title of 
Specialty Journal wanted on label. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street Chicago 10, Illinois 
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THE | BRAWNER G-L 
A Medern Iuclusion Implant 


is the ideal implant for enucleation operations, 


It is designed to simplify the operation—Eliminate muscle isolation—Minimize 
the possibility of extrusion or migration—Shorten post-operative hospital time— 
AND— 

“It lets the patient decide” if he prefers a less-expensive conventional plastic reform 
eye with limited motility, or a Custom “Matching-back” prosthesis for adequate 


motility. 
F information, including description, 


prices and operative technique, as sug- eal 

ested by Dr. Brawner, will be sent on 

4 Laboratory’ 


request. 
737 East Main Street 


Richmond 19, Virginia 


OPHTHALMIC INSTRUMENTS 
OF PRECISION 


15 WIGMORE STREET, 
LONDON, 
ENGLAND. 


y 


YOUR 


GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 
Cumulative 


Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authers and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 
titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $20.00 PER YEAR 
CANADIAN AND FOREIGN $22.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 


practitioners, specialists, teachers, 
editors, writers, investigators, stu- 


dents and libraries. 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10. ILLINOIS 
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Eliminating messy adhesive straps and tapes, 
and enabling the surgeon to change dressings 

with a minimum amount of effort, this new surgi- 

cal mask is clear plastic with moulded borders 
which have a soft elastic band to maintain the 
dressing in comfortable adjustment. Small per- 
forations aid in preventing the accumulation of 
excessive moisture, while the soft green color is 
psychologically relaxing and reduces glare. A 

layer of sponge rubber protects the patient's 

face. Designed primarily from both functional 

and anatomical standpoints, the Rolf Mask is 

also attractive in appearance. 


THREE for *5°° 


When you order, ask for the special Ophthalmological Issue of The Armamentarium, which 
includes many other recent developments of importance. 


Order Direct From Us—Instrument Makers To The Profession Since 1895 


Mueller 330 SOUTH HONORE STREET 
4 & * CHICAGO 12 ILLINOIS 


BRANCHES NOW IN ROCHESTER (MINN.)—DALLAS AND HOUSTON, TEXAS 


ARTIFICIAL EYE Seruice 


_——— gained through over 100 years ot artificial 
eyemaking enables us to produce and fit the very finest in artificial 
eyes. Glass and plastic eyes made to order or available 


from stock. Eyes fitted to all types of motility implants 


artificial Orders filled the same day received 


Eyes sent on memorandum 


eye selection Liberal assortment of either glass or plastic 
Samples accurately matched 


through the mail Superior quality eyes—Finest workmanship 


WRITE FOR FREE COLOR CHART AND SIZE GUIDI 


( Mager and Gougelman, ine. 


me ince! Eee 30 NORTH MICHIGAN AVENUE + CHICAGO 2, ILLINOIS 


DETROIT * CLEVELAND * KANSAS CITY * MINNEAPOLIS * NEW ORLEANS © ST. LOUIS 
NEW YORK * BOSTON * BUFFALO © PHILADELPHIA © PITTSBURGH * WASHINGTON 


Rolf SURGICAL PROTECTIVE MASK | 
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Conover- Spaeth’ 
MAGNETIC CAMPIMETER 


“EDMUND B. SPAETH, M.D. 
PHILADELPHIA, PA. 


This new precision instrument gives 
accurate determinations and correct 
contiguration of the visual field with 
great savings of time and effort 
The Conover-Spaetit Campimeter 
is 24” square. It is placed on a table 
with the patient seated in front, his 
eye positioned 104." from the central 
fixation point. The operator, stand 
ing behind the screen, facing the 
patient and looking directly into the 
patient's eye, is able to detect the 
slightest wavering. The test object is 
introduced to the visual tield from a 
“Concealment Circle’ and is con- 
trolled by a magnet from the back of 


the campumeter, The patient is not 


able to anticipate or even gZuess on 


which radius or from which side, 
rightorleft, the test object willappear 

This assures accuracy and elimi 
nates time-consuming rechecking 

The back of the campimeter is 
clearly marked in degrees of the 
circle and angles of vision to con 
form to the standard Berens chart 
Each radius tested is immediately 
entered on the chart . . . No markers 
to be placed or removed 

The time saved in each examina 
tion creates Opportunities for more 


“helds’ or other office work 


vABSOLUTE ACCURACY 
\FAR FASTER 


Write for detailed information 


MANUFACTURER AND GENERAL DISTRIBUTOR 


GEORGE P. & SON CO. 


3451 WALNUT STREET PHILADELPHIA 


HEADQUARTERS FOR INSTRUMENTS FOR OTORHINOLARYNGOLOGY 
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FOR 
TODAY'S 
MEN... 


Your patient—executive or sportsman, or both, will cheer 
the versatility of the Clarbridge Townsman . . . an all-occasion frame for 
men of today! Here is a frame—strong, firm, distinctively 

masculine and made with the famous 7-barrel hinge . . . plus, of course, 


all those unmatched Art-Craft features for easy, sure adjustment and fit. 


MEASUREMENT CHART 
FOR TOWNSMAN ZYL FRAME 


E 
é eve | A 8 BRIDGE Available with No. 8 
ao | 41 | 345 20-22-24 Skull Temples only 
42 43 36.5 20-22-24 Sizes: 
a4 | 45 | 385 20-22-24-26 3%, Wa, 4%, 5 
L a es: 46 47 40.5 20-22-24-26 Length to bend 
P.D.-A4E 4320-63 P.D. 


Black on Crystal, Cadet Blue on Crystal, Mocha 


Colors on Crystal, Wine on Crystal 


ART=C RA FT OPTICAL CO. INC. 


ART CRAFT OPTICAL OF PHILADELPHIA, INC. ART CRAFT OPTICAL-WEST COAST, INC. ART CRAFT OPTICAL SOUTHWEST, INC 

ART CRAFT OPTICAL OF CHICAGO, INC. ART CRAFT OPTICAL OF THE SOUTH, INC ART CRAFT OPTICAL OF CANADA, LTO. 
ART CRAFT OPTICAL OF NEW ENGLAND, INC ART CRAFT OPTICAL NORTH CENTRAL, INC INC 
CRAFT OPTICAL MIDWEST, ART CRAFT OPTICAL OF ROCHESTER, INC ART CRAFT OPTICAL EXPORT CORP 
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Your Patients will soon 
be wearing Sun Glasses 


Be ready for them — anticipate their 
needs before they come to you. 

Let your BENSON representative show 
you what we believe to be the most 
complete selection of sun glasses 

in the field. 


He'll be able to supply G15 in bifocals and trifocals, and single vision in uni- 
form density . . . Bifocals and trifocals of your choice in greens 2 and 3 in 
regular size as well as LARGE sun glass size . . . And, in addition, a full line of 
the popular AO CALOBARS and B & L RAY-BANS... plus /Aundreds of beau- 
tifully laminated frames (plain or with precious metal trim) in plano and 
prescription form. 


If the BENSON sales representative misses you, inquire at any 
BENSON LABORATORY about the complete line of BENSON sun glasses. 


Since 1913 CHBONL Executive Offices * Minneapolis 2, Minn. 


OPTICAL COMPANY 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES 
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